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The 1990 Philips 
Components-Signetics 
PLD Data Handbook 
is loaded with informa- 


tion on new parts. Using the fastest technologies 
in the most innovative 
architectures, 


teday's 
system 
designer 
can pick from the largest 
selection 
of PLDs 
in the industry. 


Some highlights 
of this handbook 
include the fastest 
silicon PLDs available 
{PHD16NS 


and PHD4SN22}-at 
5 nanoseconds! 
These devices 
make ideal decoders 
to squeeze 


maximum 
performance 
from powerful 
microprocessors. 


Designers 
using DRAM, 
VRAM 
and graphics 
will appreciate 
the speed 
and power of 


the new line of sequencers 
which 
include 
the PLC415, 
PLC42VA12, 
PLUS405 
and 
PLUS1 05. These sequencers 
also make innovative 
bus and LAN controllers 
for emerg- 


ing standard 
protocols. 
At last, the logical power of dual programmable 
arrays comes 


forth in the PLUS153 
and PLUS 173 devices-at 
10 nanosecond 
propagation 
delays. 


The PLC1SVSZ 
is the only zero power 2Q-pin 
device 
which 
can replace 
16VS's! And 
finally, our -7 and D speed 
PAL-type 
devices 
are the industry's 
fastest. 
For maximum 
density 
in a truly compact 
system, 
the Programmable 
Macro 
Logic family 
now boasts 
four members-the 
PML2552 
and PLHS601 
are added 
to the original 
PLHS501 
and 


PLHS502. 
The PML2552 
is the PLD industry's 
first dense 
device to implement 
SCAN 
test. 


To complement 
the devices, 
AMAZE 
design 
software 
is offered 
through 
our Sales 


Offices 
(see Section 
11) and SNAP 
software 
is available 
for high level support. 
Read 
about them under Product 
Support. 


Expanding 
customer 
service has been an ongoing 
effort. Our Applications 
staff is avail- 


able to answer your technical 
questions 
on PLD designs 
and our free computer 
Bulletin 


Board, 
with 24-hour 
service, 
is at {SOO)451-6644. 


New PLD users are encouraged 
to read the Introduction 
and ANS for an overview 
of 


PLD ideas. More seasoned 
PLD users are encouraged 
to go through 
the PLD applica- 
tions and PML applications 
atthe 
end of the handbook 
to gain understanding 
and ideas 


for new designs. 
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...•......•......... 
294 


Programmable 
Logic Arrays 
(18 x 42 x 10); 40/30ns 
127 


Programmable 
Logic Sequencer 
(16 x 45 x 12); 14MHz 
......•................ 
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Signetics 
Selection 
Guide 


ARCHITECTURE 
TOTAL 
INTERNAL STATE 


SIGNETICS 
(INPUTS x TERMS 
INPUTS 
LOGIC 
REGISTERS 
OUTPUTS 


PART NUMBER 
X OUTPUTS) 
PACKAGE 
(I Dedicated) 
TERMS 
(I Dedicated) 
C, 110,R, R VO 
tPO(Max) 
IMAX 
Icc(Max) 


PAL®-TYPE DEVICES 


PLUS16L8-7 
16X64X8 
2(}-/'in 
16 (10) 
64 
0 
2 C, 61,0 
7.5n5 
180mA 


PLUS16R4-7 
16X64X8 
2(}-/'in 
16 (8) 
64 
4 (0) 
4 VO, 4 R 
7.5n5 
74MHz 
180mA 


PLUS16R6-7 
16X64X8 
2O-Pin 
16 (8) 
64 
6 (0) 
2 va, 6 R 
7.5n5 
74MHz 
180mA 


PLUS16R8-7 
16X64X8 
2O-Pin 
16 (8) 
64 
8 (0) 
8R 
74MHz 
180mA 


PLUS16L8D 
16X64X8 
2O-Pin 
16 (10) 
64 
0 
2 C, 6110 
10n5 
180mA 


PLUS16R4D 
16X64X8 
2O-Pin 
16 (8) 
64 
4 (0) 
4 va, 4 R 
10n5 
60MHz 
180mA 


PLUS16R6D 
16X64X8 
2O-Pin 
16 (8) 
64 
6 (0) 
2 va, 6R 
10n5 
60MHz 
180mA 


PLUS16R8D 
16X64X8 
2(}-/'in 
16(8) 
64 
8 (0) 
8R 
60MHz 
180mA 


PLUS2OL8-7 
2OX64X8 
24-Pin 
20 (14) 
64 
0 
2 C, 61,0 
7.5n5 
210mA 


PLUS2OR4-7 
2OX64X8 
24-Pin 
20 (12) 
64 
4 (0) 
4 va, 4 R 
7.5n5 
74MHz 
210mA 


PLUS2OR6-7 
2OX64X8 
24-Pin 
20(12) 
64 
6 (0) 
2 va, 6 R 
7.5n5 
74MHz 
210mA 


PLUS2OR8-7 
2OX64X8 
24-Pin 
20(12) 
64 
8 (0) 
8R 
74MHz 
210mA 


PLUS2OL8D 
2OX64X8 
24-Pin 
20(14) 
64 
0 
2 C, 61,0 
10ns 
210mA 


PLUS2OR4D 
2OX64X8 
24-Pin 
20 (12) 
64 
4 (0) 
4 va, 4R 
10n5 
60MHz 
210mA 


PLUS2OR6D 
2OX64X8 
24-Pin 
20 (12) 
64 
6 (0) 
2 va, 6 R 
10n5 
60MHz 
210mA 


PLUS2OR8D 
2OX64X8 
24-Pin 
20 (12) 
64 
8 (0) 
8R 
60MHz 
210mA 


PLHS16L8A 
16X64X8 
2(}-/'in 
16 (10) 
64 
0 
2 C, 61,0 
2On5 
155mA 


PLHS16L8B 
16X64X8 
2(}-/'in 
16 (10) 
64 
0 
2 C, 61,0 
15n5 
155mA 


PLHS18P8A 
18X72X8 
2(}-/'in 
18 (10) 
72 
0 
8110 
2On5 
155mA 


PLHS18P8B 
18X72X8 
2(}-/'in 
18 (10) 
72 
0 
8VO 
15n5 
155mA 


PHD16N8-5 
16X16X8 
2(}-/'in 
16 (10) 
16 
0 
2C,61,o 
5n5 
180mA 


PHD48N22-i" 
48X73X22 
68-Pin 
48(36) 
73 
0 
lQC,121,o 
7.5n5 
420mA 


PLC18V8Z118V8ZI 
18X74X8 
2O-Pin 
18(8) 
74 
8 (0) 
8 varied 
35,40n5 
21MHz 
l00~ 
lmAIMHz 


1OH2OEV811002OEV8·· 
2OX90X8 
24-Pin 
20 (12) 
90 
0 
8 varied 
4.5n5 
222MHz 
230mA 


PLA 


PLS1001101 
16X48X8 
28-Pin 
16 (16) 
48 
0 
8C 
5On5 
170mA 


PLS153 
18X42Xl0 
2(}-/'in 
18 (8) 
42 
0 
10 va 
40n5 
155mA 


PLS153A 
18X42Xl0 
2(}-/'in 
18(8) 
42 
0 
10 VO 
3On5 
155mA 


PLUSl53B 
18X42X10 
2O-Pin 
18(8) 
42 
0 
10 VO 
15n5 
200mA 


PLUSl53D 
18X42X10 
2(}-/'in 
18 (8) 
42 
0 
10 va 
12ns 
200mA 


PLUS153-10" 
18X42X10 
2(}-/'in 
18(8) 
42 
0 
10 va 
10n5 
200mA 


PLS173 
22X42X10 
24-Pin 
22 (12) 
42 
0 
10 VO 
3On5 
170mA 


PLUS173B 
22X42Xl0 
24-Pin 
22(12) 
42 
0 
10 va 
15n5 
200mA 


PLUS173D 
22X42Xl0 
24-Pin 
22(12) 
42 
0 
10 va 
12n5 
200mA 


PLUS173-10" 
22X42Xl0 
24-Pin 
22 (12) 
42 
0 
10 va 
10n5 
200mA 


PLHS473 
2OX42X11 
24-Pin 
20 (11) 
24 
0 
2C,91,o 
22n5 
155mA 


PLHS473S" 
2OX42Xl1 
24-Pin 
20 (11) 
24 
0 
2C,911O 
25n5 
155mA 


ARCHITECTURE 
TOTAL 
INTERNAL STATE 


SIGNETICS 
(INPUTSx TERMS 
INPUTS 
LOGIC 
REGISTERS 
OUTPUTS 


PART NUMBER 
X OUTPUTS) 
PACKAGE 
(' Dedicated) 
TERMS 
(' Dedicated) 
C, VO, R, R 110 
tpo{Max) 
IMAX 
Icc(Max) 


PLS 


PLS105 
22X48X8 
28-Pin 
22(16) 
48 
6(6) 
8R 
14MHz 
1SOmA 


PLS105A 
22X48X8 
28-Pin 
22(16) 
48 
6(6) 
8R 
20MHz 
1SOmA 


PLS105-40 
22X48X8 
28-Pin 
22(16) 
48 
6(6) 
8R 
40MHz 
200mA 


PLS105-55" 
22X48X8 
28-Pin 
22(16) 
48 
6(6) 
8R 
55MHz 
200mA 


PLlJS405....37 
24X64X8 
28-Pin 
24 (16) 
64 
8(8) 
8R 
37MHz 
225mA 


PLUS405-45 
24X64X8 
28-Pin 
24 (16) 
64 
8(8) 
8R 
45MHz 
225mA 


PLUS405-55" 
24X64X8 
28-Pin 
24(16) 
64 
8(8) 
8R 
55MHz 
225mA 


PLS155 
16X45X 
12 
2O-Pin 
16(4) 
45 
4(0) 
8VO,4RI/O 
50ns 
14MHz 
190mA 


PLS157 
16X45X 
12 
2O-Pin 
16 (4) 
45 
6(0) 
6 VO, 6 R I/O 
50ns 
14MHz 
190mA 


PLS159A 
16X45X 
12 
2O-Pin 
16 (4) 
45 
8(0) 
4 VO, 8 R I/O 
35ns 
18MHz 
190mA 


PLS167 
22X48X6 
24-Pin 
22 (14) 
48 
8(6) 
6R 
14MHz 
1SOmA 


PLS167A 
22X48X6 
24-Pin 
22 (14) 
48 
8 (6) 
6R 
20MHz 
1SOmA 


PLSl68 
22X48X6 
24-Pin 
22 (12) 
48 
10(6) 
8R 
14MHz 
1SOmA 


PLSl68A 
22X48X6 
24-Pin 
22 (12) 
48 
10(6) 
8R 
20MHz 
180mA 


PLS179 
20X45X 
12 
24-Pin 
20(8) 
45 
8(0) 
4 VO, 8 R I/O 
35ns 
18MHz 
210mA 


PLC42VA12" 
42X105X12 
24-Pin 
42 (10) 
105 
10(0) 
10CorRVO,2VO 
35ns 
25MHz 
9OmA' 


PLC415-16 
25X68X8 
28-Pin 
25 (17) 
68 
8 (8) 
8R 
10o,.w 
SOmA 


PMLTM 


PLHS501 
l04X 
116X24 
52-Pin 
24 
116 
0 
16C,8VO 
22ns 
295mA 


PLHS502 
128x 144x 24 
68-Pin 
24 
144 
16(16) 
16CorR, 
20ns 
50MHz 
370mA 
8 1.10or R VO 


PLHS601" 
68Xl34X24 
68--Pin 
28 
134 
0 
12C, 121/0 
20ns 
340mA 


PMl2552" 
185X226X24 
68--Pin 
29 
226 
36(20) 
24 C, 16 R, 161/0 
40,50ns 
5O,33MHz 
100mA 


PAL-Type 
= Programmable 
Array Logic (Fixed OR Array)- 
Type 
PHD = Programmable 
High-Speed 
Decoder 


PLA = Programmable 
Logic Array 


PLS = Programmable 
Logic Sequencer 


PML = Programmable 
Macro Logic 


OUTPUTS: 
C = Combinatorial 
output 
R = Registered 
output 
I/O = Combinatorial 
I/O 


R I/O = Registered 
I/O 


NOTES: 
fMAX = l/(tlS 
+ !eKO) worst case 
• Measured 
at 15MHz (ITL 
input level) 
•• Under development 
PAL is a trademark 
01 AMD/MMI. 


PML is a trademark 
of Philips 
Components-8ignetics. 


Signetics 


Signetics 
Programmable 
Logic 
Devices 


may be ordered 
by contacting 
e~her the 


local Signetics 
sales office, Signetics 
rep- 
resentatives 
or authorized 
distributors. 
A 


complete 
listing 
is located 
in the back of 


this handbook. 


Ordering 
Information 


Table 1 provides 
part number definition 
for 
Signetics 
PLDs. The Signetics 
part num- 
ber system 
allows 
complete 
ordering 
in- 
formation 
to spec~ied 
in the part number. 


The part number 
and product 
description 
is located 
on each data sheet. 


Mil~ary 
versions 
of 
these 
commercial 
products may be ordered. 
Please 
referto 
the 
military 
products 
data 
handbook 
for 


complete 
ordering 
information. 


IP(L) 


Package 
Designator 
F 
- 
20-, 
24-, 
28-Pin 
CERDIP 
DIP 
N 
- 
20-, 
24-, 
28-Pin 
Plastic 
DIP 
A 
- 
20-, 
28-lead 
Plastic 
Leaded 
Chip Carrier 
FA 
- 
20-, 
24-Pin 
CERDIP 
DIP with Quartz 
Window 


Performance 
Indicator 
(May be blank, 
A, B, D, etc. to designate 
speed 
variations 
in 
basic part.) 


Basic Part Number 
(3 to 8 characters) 
(e.g., 
100, 105, 153, 168, 173, 18P8, 42VA12) 


Process/Arch~ecture 
Indicator 
S 
- 
Bipolar 
Junction 
Isolated 
Schottky 
- Nichrome 
fuses 


C 
- 
CMOS - EPROM 
cells 
HS 
- 
High Speed 
Bipolar 
Oxide 
Isolated 
- Vertical 
Fuse 


US 
- 
High Speed 
Bipolar 
Oxide 
Isolated 
- Lateral 
Fuse 


HD 
- 
High Speed 
Decoder 
ML 
- 
Macro 
Logic 


(Blank for ECL devices) 


Indicator 
for Signetics 
Programmable 
Logic 


(Can be either 
P, PL, or blank) 


(P for PHD and PML and blank for ECL devices) 
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Section 2 
Introduction 


INDEX 
What is Signetics 
Programmable 
Logic 
9 
Quality 
and Reliability 
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WHAT IS PROGRAMMABLE 
LOGIC 
In 1975,Signetics Corporation developed 
a new product family by combining its 
expertise 
in 
semi-eustom 
gate 
array 


products 
and fuse-link 
Programmable 


Read Only Memories (PROMs). Out of 


this marriage came Signetics Program- 
mable Logic Family. The PLS100 Field- 
Programmable Logic Array (FPLA) was 
the first member of this family. The FPLA 
was an important industry first in two 
ways. First, the AND/OR/INVERT archi- 


tecture allowed the custom implementa- 
tions of Sum of Product logic equations. 
Second, the three-level 
fusing 
allows 


complete flexibility inthe useof this device 
family. All logic interconnections 
from 
input to output are programmable. 


PART NUMBER 
TYPE 
CONFIGURATlON 


2O-P1N 


PHD16N8 
PHD 
12~nput/S-OUtput 


PLSl531153A 
PLA 
1~nput/l0-0utput-42- 
Tenn 
PLUSl53B1153D/153-10 
PLA 
l~nput/l0-0utput- 
42- Tenn 
PLSl55-159A 
PLS 
1~nput/12...{)utpu1-45- 
Tenn 


PLSl55 
PLS 
4 Registered Outputs 
PLS157 
PLS 
6 Registered Outputs 


PLS159A 
PLS 
8 Registered Outputs 
PLHS18P8AlB 
PAL-Type 
l~nput/l0-0utput-72-Tenn 
PLHS16L8A1B 
PAL-Type 
l~nput/S-OUtput- 
64- Tenn 
PLC18V8Z11 
PAL-Type 
1~nput/S-OUtput-72-Tenn 
PLUS16L8D/-7 
PAL-Type 
1~nput/S-OUtput-72-Tenn 
PLUS16R4D/-7 
PAL-Type 
l~nput/4...{)utput. 
4 Registers 


PLUS16R6D/-7 
PAL-Type 
l~nput/6...{)utput, 
6 Registers 
PLUS16R8D/-7 
PAL-Type 
l~nput/S-OUtput, 
8 Registers 


24-PIN 


PLS167/A 
PLS 
14~nput/6...{)utput- 
48- Tenn 
&-Bit State Registers 
6...{)utput Registers 


PLSl681A 
PLS 
12~nput/8-0utput- 
48- Tenn 
1o-Bit State Registers 
S-OUtput Registers 
PLS1731PLUS173B1D/-l0 
PLA 
22~nput/l0-0utput- 
42- Tenn 
PLSl79 
PLS 
22~nput/l0-0utput-42- 
Tenn 
PLHS473 
PLA 
~nput/ll--output- 
24- Tenn 
PLC42VA12 
PLS 
42~nput/12-Output, 
10 Registers 
PLUS20L8D/-7 
PAL-Type 
~nput/8-0utput 
PLUS20R4D/-7 
PAL-Type 
~nput/4...{)utput 
PLUS20R6D/-7 
PAL-Type 
~nput/6...{)utput 


PLUS20R8D/-7 
PAL-Type 
~nput/S-OUtput 


28-PIN 


PLS100/l0l 
PLA 
1~nput/S-OUtput- 
48- Tenn 
PLS105/105A1PLUS105 
PLS 
1~nput/S-OUtput- 
48- Tenn 
&-Bit State Register 
S-OUtput Registers 
PLUS405 
PLS 
16~nput/S-OUtput- 
64- Tenn 
8-8it State and Output Registers 


52-, 68-PIN 


PLHS501 
PML 
32~nput/24-Output-116-Term 
PLHS502 
PML 
32~nput/24...{)utput-144-Term 
PLHS601 
PML 
~nput/24...{)utput- 
1so- Term 
PML2552 
PML 
55-Input/24-Output- 
226- Term 
PHD48N22 
PHD 
48~nput/22-Output 


PLD LOGIC SYNTHESIS 
No intermediate step is required to implement 
Boolean Logic Equations with PLDs. Each term 


in each equation simply becomes a direct entry 
Xo = AB + ~D + BU 
into the Logic Program Table. The following ex- 
ample illustrates this straightforward concept: 
X, = 1iB + CD + EFG 


ANO 
POLARITY 


TT 
11-'11- 
INPUT(lm) 
..L ..L 
...L ..L 
...L.....L... L...L. H_ 


1 .. .. 1 .. 
1 
---~---- 
OUTPUT 
Fp 


P-Terms 
TERM 
•• - 
- - - - 
"3 
- - .- 
--- 
5 
4 
3 
2 
1 
0 
8 
7 " 
5 
4 
2 , 
0 
7 " 
5 
4 
3 
2 
1 
0 
Po = AB 
0 
H 
H 
. 
A 
P, = CD 
, 
L 
H 
A 
A 


P2 = B5 
2 
H 
L 
. 
A 


P3 = AB 
3 
L 
H 
A . 
P4 = EFG 
4 
H 
H 
H 
A . 
~ 
- 
:= 
===- 
44 
• 
.---""- 


45 
r--- 
• 
Xo = Po + P, + P2 
4" 
- 


47 


X, = P3 + P, + P4 
PIN 
2 
2 
2 
2 
2 
2 
2 
2 
, 
1 
1 
1 
1 , 
1 
1 


NO. 
2 
3 
4 
5 " 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
0 , 
2 
3 
5 " 
7 
8 


W 
A 
B 
C 
0 
E 
F 
G 
x, 
xo 
..Jw 
l%l::;; 
~c( 
a:z 
~ 


TBClle,os 


Figure 3. Field Programmable 
Logic Array 


In the previous example, the two Boolean Logic 
equations were broken into Product terms. 
Each P-term was then programmed into the 
P-term section of the PLA Program Table. This 
was accomplished in the following manner: 


Step 1 
Select which 
Input pins" 
- 1,5 will corre- 


spond 
to the Input variables. 
In this case 
A - G are the input variable names. Is through 
10were selected to accept inputs A - G re- 
spectively. 


AND 
T , 
!i'L~I~ 
•. L'" 
H- 


INPUT(I",) 
..L...L 
....L.....L........L....L....L."- 
, ,. ,- , ,. ,. 
---~---- 
- 


OUTPUT 
Fp 


TERM 
5 . , 
2 
, 
0 ., 
8 
7 .. .. .. ., 
2 , 
0 
7 • 
5 . , 
2 , 
0 


0, 


2,. 


""" 
:::::: 
.. 
• 
" 
• 
.. 
" 


PIN 
2 
2 
2 
2 
2 
2 
2 
2 
, , , , , , , , 


NO. 
2 , . 
5 · 


7 . 
9 
0 , 
2 , . 5 . 
7 
0 , 
2 , 
5 . 
7 • 


W 
A 
B 
C 
0 
E 
F 
G 
...• 
w 
"'", 
~< 
a:z 
::l 


r801llOOS 


Figure 
5 


Step 2 
Transfer 
the 
Boolean 
Terms 
to 
the 
PLA 
Program Table. This is done simply by defining 
each term and entering iton the Program Table. 


e.g., Po =AB 


This P-term translates to the Program Table by 
selecting A = 16= H and B = 15= H and entering 
the information in the appropriate column. 


This term is defined by selecting C = I. = Land 
o = 13 = H, and entering the data into the 
Program Table. Continue this operation until all 
P-terms 'are entered into the Program Table. 


AND 
T -r ~L~l::;'-'L'H- 


INPUT!I",) 
.J......L....L.....1.....J......J.... 
....Ln_ 
, ,. ,- , ,. ,. 
---~---- 


TERM 
5 . , 
2 , 
0 ., 
8 
7 .. .. .. ., 
2 - 
7 


OUTPUT 
Fp 
__ 
, 
0 
• 
5 . , 
2 
, 
0 


0 
" " 
, 
, " 
2 
" 
, 
, 
, " 
. 
" " " 
.. 
• 
-=-- 
" 
• 
"" 
PIN 
2 
2 
2 
2 
2 
2 
2 
2 
, , , , , , , , 


NO. 
2 , . 5 · 


7 . 
9 
0 , 
2 , . 
5 . 
7 
0 , 
2 , 
5 . 
7 . 


W 
A 
B 
C 
0 
E 
F 
G 


•••• W 
"'", 
~< 
a:Z 
::l 


T8OIt90S 


Figure 6 


Step 3 
Select 
which 
output 
pin. 
corre.pond 
to 


each output function. 
In this case Fa= Pin 18 


= Xc. and F, = Pin 17 = X,. 


ANa 
POLARITY 
iT 
i-r ..•. 
II- 


INPUT(lm) 
.L...L~tR~~~- 


,- ., ,- ,- ,- ,- 
-------- 
OUTPUT 
Fp 


TERM 
- - 
- - - - - - _.- 


5 
4 
3 
2 
1 
0 
9 
8 
7 • 
5 
4 
3 
2 
1 
0 
7 • 
5 
4 
3 
2 
1 
0 


0 
H 
H 


1 
L 
H 


2 
H 
L 


3 
L 
H 


4 
H 
H 
H 
- 
- 


"'""'- 
44 
• 
45 
• 
4. 


47 


PIN 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 


NO. 
2 
3 
4 
5 • 
7 
8 
9 
0 , 
2 
3 
4 
5 • 
7 
0 
1 
2 
3 
5 • 
7 
8 


W 
A 
B 
C 
a 
E 
F 
G 
X, 
X. 


a3~ 
~< 
C:z 
~ 
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Figure 
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Step 4 
Select the Output 
Active 
Level de.lred 
for 
e.ch Output Function. 
For Xathe active level 


is high for a positive logic expression of this 
equation_ Therefore, 
it is only necessary 
to 
place an (H) in the Active Level box above Out- 


put Function O. (Fa). Conversely, X, can be ex- 
pressed as X, by placing an (Ll in the Active 
Level box above Output Function 1, (F,). 


AND 
T 
.• 
~L~l~, 
.,- 
_ 


INPUT(lm) 
~.J...~~...J.......J....L...J....H_ 


;- ,- 
;- 
,- 
,- 
,- 
---~---- 


TERM 
5 
4 
3 
2 
1 • .. .. 
7 .- .. •• , - --- 
OUTPUT 
Fp 
_ _ 
_ 


2 
1 
• 
7 
6 
5 
4 
3 
2 
1 
0 


• 
H 
H 


1 
L 
H 


2 
H 
L 


3 
L 
H 
4 
H 
H 
H 


44 
• 
--- 
4' 
• 
4. 


47 


PIN 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 


NO 
2 
3 
4 , • 
7 • 
9 
• 


1 
2 
3 
4 , • 
7 
• 


1 
2 
3 , • 
7 
• 


W 
A • 
C 
0 
E 
F 
G 
X, 
X. 


~~ 
~< 
a:Z 
~ 
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Figure 
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Step 5 
Select the P- Terms you wish to mske sctlve 
foresch 
Output Function. 
In this case Xo= Po 


+ P, + P2, so an A has been placed in the inter- 
section box for Poand Xc. P, andXoandP2and 
Xc. 


Terms which are not active for a given output 


are made inactive by placing a (.) in the box un- 
der that P-term. Leave all unused P-terms un- 
programmed. 


Continue this operation until all outputs have 
been defined in the Program Table. 


Step 6 
Enter the data into a Signetics approved pro- 
grammer. The input format is identical to the 
Signelics Program Table. You specify the P- 
terms, Output Active Level. and which P-terms 
are active for each output exacdy the way it ap- 
pears on the Program Table. 


AND 
POLARITY 
IT 
1.,... 
..• 1,- 


INPUT(lm) 
~...L.. 
-'- cfR ...L....LL...LH_ 
,. l' ,. ,. 
-------- 
l' ,. 


--- 
~--- 


OUTPUT 
Fp 
TERM 
- - 
- - - - - - 


5 
4 
3 
2 
, 
0 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
7 
6 
5 
4 
3 
2 
1 
0 


0 
H 
H 
. 
A 


1 
L 
H 
A 
A 
2 
H 
L 
. 
A 
3 
L 
H 
A . 
4 
H 
H 
H 
A . 


•....... 
t==- 


"'"""'...-- 
44 
• 
45 
- 
• 
46 
~ 


Xo = Po + P, + P2 
47 
X, = P3 + P, + P4 
PIN 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 , , 
1 
1 
1 


2 
3 
4 
5 
6 
7 
8 
9 
NO. 
D 
1 
2 
3 
4 
5 
6 
7 
0 
1 
2 
3 
5 
6 
7 
8 


W 
A 
B 
C 
D 
E 
F 
G 
x, 
xo 


""'W 
1Il::; 
~< 
a:Z 
~ 
I 
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Signetics Programmable Logic Devices 


PLD LOGIC SYNTHESIS 
(Continued) 
When fewer inputs and outputs are required in 
a logic design and low cost is most important, 
the Signetics 2O-pin PLO should be considered 


first choice. 
The PLUS153 
is a PLA with 
8 inputs, 10110 pins, and 42 product terms. The 
user can configure the device by defining the 
direction of the 110 pins. This is easily accom- 
plished by using the direction control terms 


Do - 09 
to 
establish 
the 
direction 
of 
pins 
Bo- Be.The D-terms control the 3-State bull- 
ers found on the outputs of the Ex-oR gates. 
Figures 10 and 11show how the D-term confi- 
gures each Bx pin. 


To control each D-Ierm, 
il is necessary 
10 


understand thaI each control gate is a 36--inpul 
AN D gate. To make the 3-Stale 
buffer active 
(Bxpin an outpul), the output of the control gale 
musl 
be al 
logic 
HIGH 
(1). This 
can 
be 
accomplished in one of two ways. A HIGH can 


be forced on all control gale input nodes, or 
fuses can be programmed. 
When a fuse is 


programmed, that control gate input node is 
internally pulled up 10HIGH (1). See Figure 12 
and Figure 13. 


Programming the fuse permanenlly 
places a 


HIGH (1) on the input 10the control gate. The 
input pin no longer has any effect on that state. 


DEDICATING 
Bx PIN DIRECTION 


Since each input to the D-terms 
is true and 


complement buffered (see Figure 11),when the 
device is shipped with all fuses intact, all control 
gates have half of the 36 input lines at logic low 
{OJ. The result of this is all Control Gate outputs 
are low (OJ and the 3-State buffers are inactive. 
This results in all 8x pins being in the input con- 
dition. the resu~ant device is, therefore, 
an 
18-input, o-output FPLA. While useful as a bit 


bucket or Write-Cnly-Memory 
(WOM), most 
applications require at least one output. Clearly, 
the firsllask is to determine which of the 8x pins 
are to be outputs. The next step is to condition 
the control gate to make the 3-State buffer for 
those gates active. To dedicate So and 8, as 
outputs, it is necessary to program all fuses to 
the inputs to Control Gates Do and D,. This in- 
ternally pulls all inputs to those gates to HIGH 
(1) permanently. since all inputs to the Control 


8(1) 


5 
• I 3, 
, 


Gates are HIGH (1), the output is HIGH (1) and 
the 3-State 
buffers for So and 8, are active. 


This permanently enables So and 8, as out- 
puts. Note that even though Soand 8, are out- 
puts, the output data is available to the AND 
array via the internal feedback (see Figure 
11a). 


To program this data, the PLUS153 Program 
Table is used as shown in Figure 14. 


I 
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o 
I 0 


o 
I 0 


o I 0 
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o 
0 
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o 
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0 
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, 
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0 I 0 


o 
0 
I 0 


o 
0 I 0 


OR 


B(O) 


09817654132 


I 
I 
, 
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I 
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I I , I I I 
I 
I I 


(I,TTT.IT 
:LJT 
o 


05 
000010000001000010000 


D4 
000 
010000001000010000 


D3 
0000100000 
01000010000 


02 
0 
0 
0 
010 
0 
0 
0 
0 
010 
0 
0 
010 
0 
0 
0 


NOTES: 
1 
The FPLA 15ShIpped WIth all links Inlact 
Thus a 


backgtOUnd of enlnes correspondIng 
to stales 01 
""gin 
~nks eXIsts in the table. shown BLANK lOf 


ctanty. 


2 
Unused I and B bits In the AND array are normally 
programmed 
Don't Care (-) 


3 
Unused Pfoduct terms can be left blank 


By placing a (-) 
Don't Care in each input box 


you are specifying that the True and Comple- 
ment fuses are programmed on each Control 
Gate, thus permanently dedicating the Bo and 
B1 pins as outputs. By placing a (0) in all input 
boxes for B2 - Elg, you are specifying that both 
True and Complement fuses are intact. This 
causes a low (0) to be forced on half of the 
Control Gale inputs, guaranteeing the output of 
the Control Gate will be low (0). When the 
Control Gate outputs are low (0), the 3--State 
buffer is inactive and the ~ 
- 
B9 pins are 


I 
§: 
I 
I 
~ 
T 


I 
CD 
I..JI..J 
E 


tJ) 
I'C lol:i' 
R 


w a:1- ~ 1a:11- 
•• 
a: 
01 
~ I~I :Z:..J 
0 
i 
I ~ 
~ 101 - 
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~ 101 S ~ 
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I~! 
I 1i:..J 
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iil -f---~.J: 
;! 
I 
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~ 
I 
a: cl 
~::' 
I 
8 
ZI 
~ 
~ 
c(l 
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I 
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1 
•••• 
00 
! 
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I 


76541321 


I 


I 
I 
L - 
- 
-1- 
- 
- 


L - 
- 
-1- 
- 
- 


07 
L 


06 
L 
os 
L 


04 
L 


03 
L 


02 
L 


01 
L 


DO 
L 


ACTIVE 
DIRECTION 
CONTROL 
Sometimes it is necessary to be able to actively 
change the direction of the Bx pins without per- 
manently dedicating them. Some applications 
which require this indude 3--State bus enable, 
multi-lunctiondecoding, 
etc. This can easily be 


o 
9 
• I 7 


I 


8(1) 


6 
5 
4 I 3 


I 
I 


1 


1 


1 


done by programming 
the Control Gate to 
respond to one or more input pins. It is only nec- 
essary to select which Ix and Bx pins will control 
the pin directions and the active level HIGH (H) 
or LOW(L) thatwill be used. The PLUS153 Pro- 
gram Table in Figure 15 shows the method of 
controlling Bo- B9with 17. When 17 is LOW (L), 
pins Bo- Elg are outputs; when 17 is HIGH (H), 
pins Bo- Elg are inputs. Note that by program- 
ming all other Ix and Bx pins as DON'T CARE 
(-), 
they are permanen~y disconnected from 
control of Bx pin direction. 


- 
- 
-1- 
-, 


I 


I 
I 
I 
I 
I 
I 
-=-~I 


I 
I 


I 
I 


NOTES: 
1 The FPLA ISshipped WIthall links 'ntact Thus a 


backgrOUnd 01 entnes corresponding 
to states 01 


VTf91n ~nks 
eXists 
In Ole 
table. 
ShOwn 
BlANK 
lor 


Clan", 
2 
UnuseClI ana B bits In Ihe AND array are normally 
programmed 
Don", Care (-) 


3 
Unused 
prOdUct 
tefms can be left blank 


The previous 28-pin logic synthesis example 
could be done on the PlUS153 
as follows: 


Xo=AB+t"O+BD" 


Xl = Jm + 1::"0+ EFG 


Note that Bo was used as a CHANGE input. 
When Bois HIGH (Hl the outputs appear on B8 
and Be. When Bo is lOW 
(ll, 
the outputs al>- 


09 


os 
--- 


07 


D6 


pear on Beand B7. B1 through Bs are not used 
and therefore left unprogrammed. 


Signetics oilers two packages for user friendly 
design assistance. The first package, AMAZE, 
has evolved over 10 years to support Signetics 
programmable 
products with logic equation, 
state equation, and schematic entry. AMAZE 
can compile designs quite well for Signetics 


B(II 


4 I 3 


lower density parts. However, to satisfy the 
needs of Programmable 
Macro logic 
users, 


Signetics 
developed 
an addtional 
software 
package called SNAP. SNAP expands upon 
the capabilities of AMAZE in its approach to de- 
sign implementation, more closely resembling 
a gate array methodology. Both of these prod- 
ucts are described in more depth at a later point 
in this handbook. 
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-==~T 


05 
0 
0 
0 
0 10 
0 
0 
0 
0 
010 
0 
0 
0 10 
0 
0 
0 


D4 
0 
0 
0 
0 10 
0 
0 
0 
a 
010 
0 
0 
0 10 
0 
0 
0 


030000100000 
01000 
010000 


02000010000001000010000 


01 
0 
0 
0 
010 
0 
0 
a 
0 
010 
0 
0 
0 
10 
0 
0 
0 


00 
000 
010 
0 
0 
0 
0 
010 
0 
0 
010 
000 


PIN 
8 
7 
6 
5 
4 
3 
2 
1 
19 
18 
17 
16 
15 
14 
13 
12 
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SEQUENTIAL 
LOGIC 


CONSIDERATIONS 
The PLUS405, 
PLUS105 
and 
PLC42VA12 
represent sign~icant increases in complexity 
when 
compared 
to the combinatorial 
logic 


devices previously discussed. 
By combining 


the AND/OR 
combinatorial 
logic with dock 


output flip--llops 
and appropriate 
feedback, 
Signetics has created the first family of totally 
flexible sequential logic machines. 


The PLUS405 (Programmable Logic Sequenc- 
er) is an example of a high-order 
machine 


whose 
applications 
are 
many. 
Application 
areas for this device include VRAM, DRAM, 
Bus and LAN control. The PLUS405 is fUlly 
capable of performing fast sequential opera- 
tions 
in 
relatively 
high--1>peed processor 
systems. By placing repetitive sequential oper- 
ations on the PLUS405, processor overhead is 
reduced. 


The following pages summarize the PLUS405 
architecture and features. 


Sequencer Architecture 
The PLUS405 Logic Sequencer is a program- 
mable state machine, in which the output is a 
function of the present state and the present 
input. 


With the PLUS405, a user can program any log- 
ic sequence expressed as a series of jumps 
between stable states, biggered by a valid input 
condition (I) at clock time (t). All stable states 
are stored in the State Register. The logic out- 
put of the machine is also programmable. and 
is stored in the Output Register. The PLUS 105 
is a subset of the PLUS405. 


Clocked Sequence 
A synchronous logic sequence can be repre- 
sented as a group of cirdes interconnected with 
arrows. The cirdes 
represent stable states, 
labeled 
with 
an 
arbitrary 
numerical 
code 


(binary. hex, etc.) corresponding 
to discrete 
states of a suitable register. The arrows repre- 
sent state transitions, 
labeled with symbols 


denoting the jump condition and the required 
change in output. The number of states in the 
sequence depends on the length and complex- 
ity of the desired algorithm. 


0""NPUT 
o = PRESENT 
STATE 
o = NEXT 
STATE 
o = NEXT 
OUTPUT 


Figure 
17. Basic Architecture 
of PLS105 FPLS. I, P, N, and F are Multi-line 


Paths 
Denoting 
Groups 
of Binary 
Variables 
Programmed 
by The User. 


Figure 18. Typical State Diagram. 
I, _3 Are Jump Conditions 
Which 
Must be Satisfied 
Before Any 
Transitions 
Take Place. F, Are 
Changes in Output Triggered 
by 1m, 


and Stored in The Output Register. 
State Transitions 
a -- 
band 
c -- 
d 
Involve 
No Output 
Change. 


Figure 
19. Typical 
State 
Transition 


Between 
Any Two 
States 
of Figure 


18. The Arrow 
Connecting 
the Two 


States 
Gives 
Rise to a Transition 


Term Tn. I is the Jump 
Condition. 


State Jumps 
The state from which a jump originates is re- 
ferred to as the Present state (P), and the state 
to which a jump terminates is defined as the 
Next state (N). A state jump always causes a 
change in state, but mayor 
may not cause a 


change in machine output (F). 


State jumps 
can occur only via "transition 


terms" Tn. These are logical AND functions of 
the ckldI (t), the Present state (P), and a valid 
input (I). Since the ckldI is actually applied to 


the State Register, Tn = I-P. When Tn is "true", 
a control signal is generated and used at dock 
time (t) to force the contents of the State Regis- 
ter from (P) to (N), and to change the contents 
of the Output Register (if necessary). The sim- 
ple state jump in Figure 20, involving 2 inputs, 
1state bit, and 1output bit, illustrates the equiv- 
alence of discrete and programmable logic im- 
plementations. 


Sequencer Logic Structure 
The 
Sequencer 
consists 
of 
programmable 


AND and OR gate arrays which control the Set 
and Reset inputs of a State Register, as well as 
monitor its output via an internal feedback path. 
The arrays also control an independent Output 
Register, added to store output commands 
generated during state transitions, and to hold 
the output constant during state sequences in- 
volving no output changes. If desired, any num- 
ber of bits of the Output Register can be used 
to extend the width of the State Register, via ex- 
ternal feedback. 


Figure 
20. Typical 
State 
Jump 
From State 
(0) to State 
(11, 


if Inputs 
A = B = "1". 
The Jump 
Also 
Forces 
F = "1". as Required. 


Figure 
22. Typical 
AND Gate Coupled 
to (I) and (P) Inputs. 
If at Least 
One Link 
Pair Remains 
Intact, 
Tn is Unconditionally 
Forced 
Low. 


I 
I 
I 
An--Ao--Ao- 


-.!J,.. 
..JJ,.. 


r-Q- 
T--D- 


Figure 
23. Choice 
of Input 
Polarity 
Coupling 
to a Typical 
AND Gate. With 
Both 
Links 
Open, (I) is Logically 
Don't 
Care. 


Figure 
24. Typical 
Transition 
Terms 
Involving 
Arbitrary 
Inputs 
and State 
Variables. 
All Remaining 
Gate Inputs 
Are' Programmed 
Don't 
Care. 
Note 
That T2 Output 
is State Independent. 


Input Buffers 
t 6extemal inputs (1m)and 6 intemal inputs (p.). 
fed back from the State Register. are combined 
in the AND array through two sets of Truel 
Complement (TIC) buffers. There are a total of 
22 TIC buffers, all connected to multi-input 
AND gates via fusible links which are initially 
intact. 


Selective fusing of these links allows coupling 
either True, Complement. or Don't Care values 
of (1m)and (p.). 


"AND" Array 
State jumps and output changes are triggered 
at clock time by valid transition terms Tn.These 
are logical AND functions of the present state 
(P) and the present input (I). 


The PLUS 105 AND Array contains a total of 48 
AND gates. Each gate has 45 inputs - 
44 
connected to 22 TIC input buffers, and 1 dedi- 
cated to the Complement Array. The outputs of 
all AND gates are propagated through the OR 
Array, and used at clock time (t) to force the 
contents of the State Register from (P) to (N). 
they are also 
used to control 
the Output 
Register, SO that the FPLS ~it 
output F, is a 
function of the inputs and the present state. The 
PLUS405 contains 64 AND gates in its' AND 
array. 


"OR" Array 
In general, a clocked sequence will consist of 
several stable states and transitions, as deter- 
mined by the complexity of the desired algo- 
rithm. All state and output changes in the state 
diagram imply changes in the contents of State 
and Output Registers. 


Thus, each flip-flop in both registers may need 
to be conditionally 
set or reset several times 
with Tn commands. This is accomplished 
by 
selectively ORing through a programmable OR 
Array all AND gate outputs Tn necessary to 
activate the proper flip-flop control inputs. 


The PLUS 105 OR Array consists of 14 pairs of 
OR gates, controlling the SIR inputs of 14State 
and Output Register stages, and a single NOR 
gate for the Complement Array. All gates have 
48 inputs for connecting to all 48 AND gates. 
The PLUS405 uses 64 input gates. 


The PLUS405 contains 16 pairs of OR gates 
controlling state transitions and output stages 
and two additional NOR gates for dual comple- 
ment arrays. 
Complement Array 
The 
COMPLEMENT 
Array 
provides 
an 
asynchronous 
feedback 
path 
from the OR 


Array back to the AND Array. 


This structure enables the sequencer to per- 
form both direct and complement 
sequential 
state jumps with a minimum of transition (AND) 
terms. 


Typically direct jumps, such as T 1 and T2 in 
Figure 27 require only a single AND gate each. 


But a complement jump such as T3 generally 
requires many AND gates if implemented as a 
direct jump. However, by using the Comple- 
ment Array, the logic requirements for this type 
of jump can be handled with just one more gate 
from the AND Array. Because it can be split into 
separate machines (2 clocks), the PLUS405 in- 
corporates two COMPLEMENT Arrays. 


Figure 
25. Typical 
OR Array 
Gating 
of Transition 
Terms 
T 1,2,3 Controlling 
Ar- 
bitrary 
State 
and Output 
Register 
Stages. 


r-- 
I 
I 
II 
I 
II 


Figure 26. The COMPLEMENT Array Is Logically 
Constructed 
from a 


multiple 
Input Programmable 
NOR Gate. All AND Terms Coupled to the 


OR Gate are Complemented 
at the Inverter Output, 
and Can be Fed Back 


as Inputs to the AND Array. 
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COMPLEMENT 
ARRAY 


DIRECT 
{ 


T3:: PO<PoX+ poy) 


T3 = Po[Po(X + V)] 


T 3 :: po(po + (X+Y)] 


T3 =0 
+ PO<X + Y) 


T3 = Po(X. 
y) 


Figure 
27. a. X And 
Y Specify 
the Conditional 
Logic 
for 
Direct 
Jump 


Transition 
Terms 
T, and T2• The Complement 
Jump 
Term T3 is True 
Only 


When 
Both 
T, and T2 are False. b. Note that 
the Complementary 
Logic 


Expression 
for 
T3. T, + T2. Corresponds 
Exactly 
to the 
Logic 
Structure 
of the 
Complement 
Array. 


As indicated in Figure 28. the single Comple- 
ment Array gate may be used for many states 
of the state diagram. This happens because all 
transition terms linked to the OR gate include 
the present state as a part of their conditional 
logic. In any particular state, only those transi- 
tion terms which are a function of that state are 
enabled; all other terms coupled to different 
states are disabled and do not influence the 
output of the Complement Array. As a general 
rule of thumb, the Complement Array can be 
used as many times as there are states. 


Td1 = lol,Po 
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Definition 


'o~ 


'0 
~ 


" 
D- 


" 
.. ~ 
'. 


..----£> 
----1> 


----t> 
~ 


_•. 
l 
l( 


-" 
l 
J 
( 
J 


COMPLEMENT 
C: J 
( J 
ARRAY 
COMPLEMENT 
J 
ARRAY 
J 
EK 
-eK 


C-Q,S~ 
-~k 
~k 
-~ 
~~ 
L.--!k 
'--'0;5 


"---.,--" 
"---.,--" 
L.--!k 


Td, 
Td• 
T.3 
T•• 
T•• 
T.S 
Td, 
Td' 
T.3 
TdO 
Td. 
T.s 


a TRANSITION 
TERMS USED 
6 TRANSITION 
TERMS useD 


""""" 
coo,,, •• 


c. State 
Logic 
without 
Using 
the Complement 
Array 
d. State 
Logic 
Using 
the Complement 
Array 


Figure 28. Logic Reduction 
with the Complement 
Array. The Logic State Diagram in (a) Includes Complement 
Jumps Tc. and 
TC5 Defined in (b). When Using the Complement 
Array, a Savings of 2 Transition 
Terms Results, as Shown in (c) and (d). 


Additional features are available depending on 
a specific part. In particular, lhe PLC42VA 12 
has everything 
mentioned 
here, and more. 


More details on PLAs, PAL-Type devices and 
Sequencers can be found in the application 
section later in the manual. 


Programmable 
Macro Logic, Signetics 
very 


high density logic is fully described in detail in 
its own section. 


Signetics 


SIGNETICS 
PROGRAMMABLE 
LOGIC QUALITY 
Signetics has put 10gelher winning processes 
for manufacturing 
Programmable 
Logic. Our 
standard is zero defects, and current customer 
quality statistics demonstrate our commitment 
to this goal. 


The PLDs produced in the Standard Products 
Group must meet rigid criteria as defined by our 
design rules and as evaluated with a thorough 
product characterization 
and quality process. 
The capabilities of our manufacturing process 
are measured and the results evaluated and re- 
ported through our corporate-wide 
QA05 data 
base system. The SURE (Systematic Uniform 
Reliability Evaluation) 
program monitors the 
performance of our product in a variety of accel- 
erated environmental 
stress conditions. All of 
these programs and systems are intended to 
prevent product-mlated 
problems and to in- 
form our customers and employees of our prog- 
ress in achieving zero defects. 


RELIABILITY 
BEGINS WITH THE 
DESIGN 
Quality and reliability must begin with design. 
No amount of extra testing or inspection will 
produce reliable 
ICs from a design 
that is 
inherendy 
unreliable. 
Signetics 
follows very 
sbict 
design 
and 
layout 
practices 
with 
its 
cirCtJits.To eliminate the possibility of metal mi- 
gration, current density in any path cannot ex- 


ceed 2 X 
105 amps/em'. 
Layout rules are 
followed to minimize the possibility of shorts, 
cirCtJitanomalies, and SCR type latch-{Jp ef- 
fects. Numerous grouno--to-substrate 
connec- 


tions are required to ensure that the entire chip 
is at the same ground potential, thereby pre- 
cluding internal noise problems. 


PRODUCT 
CHARACTERIZATION 
Before a new design is released, the character- 
ization phase is completed to insure that the 
disbibution of parameters resulting from 10Ho- 
lot variations is well within specified limits. Such 
extensive characterization data also provides a 


Quality 
and 
Reliability 


basis for identifying unique application-related 
problems 
which 
are 
not 
par1 of 
normal 
data sheet guarantees. Characterization takes 


place from --55°C to +1250C and at ± 10% 
supply voltage. 


QUALIFICATION 
Formal qualification procedures are required 
for all new or changed products, processes and 
facilities. These procedures ensure the high 
level of product reliability our customers expect. 
New facilities are qualified by corporate groups 
as well as by the quality organizations of specif- 
ic units that will operate in the facility. After qual- 
ification, products manufactured 
by the new 
facility are subjected to highly accelerated envi- 
ronmental stresses to ensure that they can 
meet rigorous failure rate requirements. New or 
changed processes are similarly qualified. 


QAOS - 
QUALITY 
DATA BASE 
REPORTING 
SYSTEM 
The QA05 data reporting system collects the 
results of product assurance 
testing on all 
finished 
lots and 
feeds 
this data 
back 
to 
concemed 
organizations 
where 
appropriate 
action can be taken. The QA05 reports EPQ 
(Estimated Process Quality) and AOQ (Aver- 
age Outgoing 
Quality) results for electrical, 
visuaVmechanicai, hermeticity, and doctJmen- 
tation audits. Data from this system is available 
upon request. 


THE SURE PROGRAM 
The 
SURE 
(Systematic 
Uniform 
Reliability 
Evaluation) program audits/monitors products 
from all Signetics' divisions under a variety of 
accelerated environmental 
stress conditions. 
This program, first introduced 
in 1964, has 
evolved to suit changing product complexities 
and performance requirements. 


The SURE program has two major functions: 
Long-term 
accelerated 
stress 
performance 
audit and a short-term accelerated stress moni- 
tor. Inthe case of Bipolar Memory and Program- 
mable Logic products, samples are selected 


that represent all generic product groups in all 
wafer fabrication and assembly locations. 


THE LONG· TERM AUDIT 
One-hundred devices from each generic family 
are subjected to each of the following stresses 
every eight weeks: 


• High Temperature Operating ufe: 
TJ = 150°C, 1000 hours, static biased or 
dynamic operation, as appropriate (worst 
case bias configuration is chosen) 


• High Temperature Storage: TJ = 150°C, 


1000 hours 


• Temperature Humidity Biased Life: 85°C, 
85% relative humidity, 1000 hours, 
static biased 


• Temperature Cycling (Air-to-Air): --o5°C to 
+15QOC,1000 cycles 


THE SHORT-TERM 
MONITOR 
Every other week a 50-piece sample from each 
generic family is run to 168 hours of pressure 
pot (15psig, 
121°C, 100% saturated steam) 
and 300 cycles of thermal shock (--05°C to 
+15QOC). 


In addition, each Signetics assembly plant per- 
forms SURE product monitor stresses weekly 
on each generic family and molded package by 
pin count and frame type. Fifty-piece samples 
are run on each stress, pressure pot to 96 
hours, thermal shock to 300 cycles. 


SURE REPORTS 
The data from these test mabices provides a 
basic understanding of product capability, an in- 
dication of major failure mechanisms and an es- 
timated failure rate resulting from each stress. 
This data is compiled periodically and is avail- 
able to CtJstomersupon request. 


Many customers use this information in lieu of 
running their own qualification 
tests, thereby 
eliminating time-consuming 
and cosdy addi- 
tional testing. 


Signelica Programmable Logic Devices 


RELIABILITY 
ENGINEERING 


Inaddition lD!he product performance monitonl 
encompassed 
in 
the 
Programmable 
Logic 


SURE 
program, 
Signetics' 
Corporate 
and 


Division Reliability 
Engineering depaI1ment& 


SUSlaina broad range of evaluation and qualifi- 
cation activities. 


Included in the engineering process lII8: 


• Evaluation and qualification of new or 
changed materials, assemblylWafer-fab 
processes and equipmen~ product 
designs, facilities and subcontraclDrs 


• Device or generic group failure rate studies 


• Advanced environmental stress develop- 


ment 


• Failure mechanism characterization and 


correcti ••••actionlpre ••••ntion reporting 


TheenvironmentaJ stresses utilized in theengi- 
neering programs lII8 similar lD those utilized 
lor !he SURE monilDr; however, more highly- 
accelerated conditions and extended durations 
typify 
!he 
engineering 
projects. 
Additional 


stress systems such as biased pressure po~ 
POONer-temperaturecycling, and cycle-biased 
temperature-humidity, 
lII8 also included in the 


evaluation programs. 


FAILURE 
ANALYSIS 


The SURE Program and the Reliability Engi- 
neering Program both include failure analysis 
activities and are complemented by corporate, 
divisional and plant failure analysis depart- 
ment&. These engineering units provide a ser- 
vice to our cuslDmers who desire delailed 
failure analysis support, who in turn provide 
Signetics with the technical underslanding of 
the failure modes and mechanisms actually ex- 
perienced in service. This infonnation is essen- 
tial in our ongoing 
effort to accelerate 
and 


impro••••our understanding of product failure 
mechanisms and their prevention. 


ZERO DEFECTS 
PROGRAM 


In recent years, United States indusl7y has in- 
creasingly demanded improved product quali- 
ty. We at Signetics believe that the customer 
has every right to expect quality products from 
a supplier. The benefits which are derived from 
quality products can be summed up in the 
words, lowef cost of ownership. 


Those of you who invest in cosUy lest equip- 
ment and engineering lD assure that incoming 
products meet your specifications ha••••a spe- 
cial understandng 
of !he cost of ownership. 


And your oostdoes no! end there; you lII8 also 
burdened with inflated inventories, lengthened 
lead limes and more rework. 


SIGNETICS 
UNDERSTANDS 
CUSTOMERS' 
NEEDS 
Signe1icshas long had an organization of quali- 
ty professionals, 
inside all operating 
units, 


coordinated by a corporata quality department. 
This broaddecentraJizedorganization 
provides 
leadership, feedback, and direction fo achiev- 
ing a high 1e••••1of quality. 


In t960 _ 
recognized thai in order to achie•••• 
outgoing Ie••••,s on the order of 100ppm (parts 
per million), down from an indusl7y practice of 
10,OOOppm,_ 
needed to supplementourtra- 
ditional quality programs with one that encom- 
passed 
all activities 
and all levels 
of the 
company. such unprecedented low del9ct lev- 
els could only be achieved by contributions 
from all employees, from the R and D IaboralDry 
to !he shipping dock. In short, from a program 
that would effect a total cultural change within 
Signelics in our attitude lDWardquality. 


QUALITY 
PAYS OFF FOR OUR 


CUSTOMERS 
Signe1ics'dedicated programs in productquali- 
ty improvemen~ supplemented by close work- 
ing relationships with many of our customers, 
have improved outgoing product quality more 
than twenty-fold since 1980. Todey, many ma- 
jor customers no longer test Signe1ics circuits. 
Incoming product moves directly from the re- 
ceiving dock lD the production 
line, greaUy 


accelerating throughput and reducing invento- 
ries. Other cuslDmers have pared significanUy 
the amount of sampling clone on our products. 
Others 
lII8 beginning 
lD adopt these cost- 


saving practices. 


We closely monilDr the electrical, visual, and 
mechanical quality of all our products and re- 
view each return to find and correct the cause. 
Since 1981, over 90% of our customers report 
a significant improvement in overaUquality (see 
Figure 1). 


At Signe1ics, quality means more than work- 
ing circuits. It means on-time deU••••ry of the 
right 
product 
at 
the 
agreed-upon 
price. 


Signelics considers Performance lD Customer 
Request and Performance lD Original Sched- 
ule Dam to be key Quality issues. Employees 
treat delinquencies 
as quality del9cts. They 


analyze the cause for the delinquency and seek 
correcti ••••action lD prevent future occ:urrence. 
Continuous effort is given lD try lD achieve the 
ultimate goal of zero delinquencies. 


ONGOING 
QUALITY 
PROGRAM 
The quality improvement program at Signelics 
is based on "Do It Right the First Time". The if}- 
lent of lhis innovative program is to change lhe 
perception of Signetics' employees lhat some- 
how quality is solely a manufacturing 
issue 
where some level of defects is inevitable. lhis 
attitude has been replaced by one of acoej>- 
tance of !he fact lhat aUerrors and delacts are 
preventable, a point of view shared by all tech- 
nical and administrative functions equally. 


This program extends into every area of lhe 
company, and more lhan 40 quality improve- 
mentteams 
lhroughout the organization drive 
its ongoing refinement and progress. 


Key components of lhe program are the Quality 
College, !he "Make Certain" Program, coirec- 
tive Action Teams, and lhe Error Cause Re- 
moval System. 


The core concepts of doing it rightlhe first time 
are embodied in lhe lour absolutes of quality: 
1. The definition 01 quality is conformance to 
requirements. 


2. 
The syslem to achieve quality improve- 
ment is prevention. 


3. The performance standard is zero 
delacts. 


4. 
The measUl8ment syslem is continuous 
improvement 


"MAKING 
CERTAIN"- 
ADMINISTRATIVE 
QUALITY 
IMPROVEMENT 
Signetics' experience has shown lhat!he larg- 
est source of errors allacting product and ser- 
vice quality is found in paperwOfk and in other 
administrative functions. The "Make Certain" 
program focuses the al18ntion of management 
and administrative personnel on error preven- 
tion, beginning wilh each employee's own ac- 
tions. 


This program promoles defect prevention in 
three ways: by educating employees as to the 
impact and cost 01 administrative 
errors, by 
changing attitudes from acoepting occasional 
errors to one of accepting a personal wOfk stan- 
dard of zero defects, and by providing a formal 
mechanism for the prevention of errors. 


CORRECTIVE 
ACTION TEAMS 
Employees with the perspective, knowledge, 
and necessary skills to solve a problem are 
formed into ad hoc groups called Corrective 
Action Teams. Theseleams, a major Iorce with- 
in 
!he 
company 
for 
quality 
improvement, 


resolve administrative, 19chnicaland manufac- 
turing issues. 


ECR SYSTEM 
(ERROR 
CAUSE 
REMOVAL) 
The ECR System permits employees to report 
to management any impediments to doing the 
job right the first time. Once such an impedi- 
ment is reporled, management is obliged to 
respond promptly with a corrective program. 
Doing it right the first time in aUcompany activi- 
ties produces lower cost of ownership lhrough 
defect prevention. 


PRODUCT 
QUALITY 
PROGRAM 
To reduce defects in outgoing products, we 
crealed lhe Product Quality Program. This is 
managed by the Product Engineering Council, 
composed of the top product engineering and 
test profassionals in the company. this group: 
1. Sets aggressive product quality improve- 


mentgoals; 


2. provides corporale-Ievelvisibility 
and 
locus on problem areas; 


3. 
serves as a corporale resource for any 
group requiring assistance in quality 
improvement; and 


4. 
drives quality improvement projects. 


As a result of this aggressive program, every 
major customer who reports back to us on 
product performance 
is reporting 
significant 
progress. 


VENDOR 
CERTIFICATION 
PROGRAM 
Our vendors are taking ownership of their own 
product quality by establishing improved pro- 
cess control and inspection systems. They sub- 
scribe to the zero defects philosophy. Progress 
has been excellent 


Through inlensive wor\( with vendors, we have 
improved our lot acceptance rale on incoming 
malerials as shown in Figure 2. Simultaneous- 
ly, waivers 
of incoming material have been 
eliminaled. 
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MATERIAL 
WAIVERS 
1988- 
0 
1987 - 
0 
1986- 
0 


1985- 
0 


1984- 
0 
1983- 
0 


1982 - 
2 


1981 -134 


Higher incoming quality material ensures high- 
er outgoing quality products. 


QUALITY 
AND RELIABILITY 
ORGANIZATION 
Quality and reliability professionals at the divi- 
sionallewl 
are inwlved with all aspects of the 
product, from design through ewry 
slep in the 
manufacturing 
process, and provide product 
assurance testing of outgoing product A sepa- 
rale corpora1e-lewl 
group provides direction 
and common facilities. 


Quality and Reliability Functions 


• Manufacturing quality control 


• Product assurance testing 


• Laboratory facilities - failure analysis, 
chemical, metallurgy, thin film, oxides 


• Environmental stress lesting 


• Quality and reliability engineering 


• Customer liaison 
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COMMUNICATING 
WITH EACH 
OTHER 
For information on Signetics' quality programs 
or for any question concerning product quality, 
the field salesperson in your area will provide 
you with the quickest access to answers. Or, 
wrile on your Iet1erheaddirectly to the corporale 
VP of quality at the corporale address shown at 
the back of this manual. 


We are dedicaled to preventing defects. When 
product problems do occur, we want to know 
about them so we can eliminate their causes. 
Here are some ways we can help each other: 


• Provide us with one informed contact within 
your organization. This will establish conti- 
nuity and build confidence levels. 


• Periodic face-to-face exchanges of data 
and quality improwment 
ideas between 
your engineers and ours can help prevent 
problems before they occur. 


• Test correlation data is wry useful. Une- 
pull information and field failure reports 
also help us improw 
product periormance. 


• Provide us with as much specific data on 
the problem as soon as possible to speed 
analysis and enable us to take correctiw 
action. 


• An advance sample of the devices in 
question can start us on the problem 
resolution before physical return of 
shipment. 


This taamworll with you wiUallow us to achiew 
our mutual goal of improved product quality. 
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MANUFACTURING: 
DOING IT 
RIGHT THE FIRST TIME 
In dealing with the standard manufacturing 
flows, it was recognized that significant im- 
prowment 
would be achieved by "doing ewry 
job right the first time", a key concept of the 
quality improvement program. During develop- 
ment of the program many profound changes 
were made. Figure 3, Programmable 
Logic 


Pf0C8SS 
Flow, shows the result. Key changes 
included such things as implementing 
100% 
temperature lesting on all products as well as 
upgrading lest handlers to insure 100% posi- 
tive binning. Some of theotherchanges 
and ad- 
ditions were to tigh1en the outgoing 
QA lot 
acceptance crileria to the tightest in the indus- 
try, with zero defect lot acceptance sampling 
across all three lemperatures. 


The achiewments 
resulting from the improved 
process flow have helped Signetics to be rec- 
ognized as the leading Quality supplier of Pro- 
grammable Logic. These achievements have 
also led to our participation in several Ship-to- 
Stock programs, which our customers use to 
eliminate incoming inspection. such programs 
reduce the user cost of ownership by saving 
both time and money. 


OUR GOAL: 
1000k 
PROGRAMMING 
YIELD 
Qur original goal back in the early 19705was to 
develop a broad line of programmable products 
which would be recognized as having the best 
programming yield in the industry. Within the 
framework of a formal quality program, our ef- 
forts to improve circuit designs and refine man- 
ufacturing 
controls 
have 
resulted 
in major 
advances toward that goal. 


Also within the framework of our formal quality 
program we have now established a staled goal 
of 100% programming 
yield. through the in- 
creasing effectiveness of a quality attitude of 
"Do It Right the Flfst lime" we're moving ever 
closer to that target. 


Signetics PLD programming yields haw been 
shown in collected data from inlernal audits and 
customer reporting to be consistently 
higher 
than comparable 
devices 
produced 
by our 
competition. We use systematic methods in- 
volving publication of exacting specifications of 
our programming algorithms, andthrough eval- 
uation of those algorithms as implemented in 
industry 
standard 
programming 
equipment. 


Because of this we can assure our customers 
who program Signetics PLDs on such qualified 
equipment 
they 
will 
see 
consislendy 
high 
yields. Qur data base shows that average lot 
programming yield exceeds 97%. 
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As time goes on the drive for a product line that 
has Zero Defects will grow in intensity. Thesa 
efforts will provide both Signetics and our cus- 
tomers with the ability to achieve the mutual 
goal of improved product quality. 


The Customer Specific Quality Assurance de- 
partment has monitorud PPM progress, which 
can be seen in Figure 4. We are pleased with 
the progress that has been made, and expect 
to achieve even more impressive results as the 
procedures for accomplishing these tesks are 
fine tuned. 


The Customer Specific Reliability Department 
has established 
an ongoing 
Infant Mortality 


Monitor. This monitor is used to detennine and 
drive ongoing Corrective Action for the pur- 
poses of continuously improving product reli- 
ability. 


The real measure of any quality improvement 
program is the result that our customers see. 
The meaning of Qualityis more than just work- 
ing circuits. It means commitment to On lime 
Delil'l!ll)'allhe 
RightPlaceofthe 
RightQuantity 


of the Right Product at the Agreed Upon Price. 


CMOS RELIABILITY 
INFORMATION 
All Signetics' EPROM die are designed as low 
power UV light erasable and electrically pro- 
grammable read only memories. They have 
been designed to perform over military and 
commercial temperature ranges. These die are 
assembled in EPROM packages that comply 
with 
industry 
standard 
packages: 
CERDIP 


(Quartz window), Plastic DIP (One Time Pro- 
grammable) and Plastic Leaded Chip Carrier 
(One Time Programmable). 


The following descriptions are of the tests and 
calculations performed on each device organi- 
zation and package type to validate the quality 
and reliability of the CMOS design and technol- 
ogy. All described tests are performed on each 
package type, with the exception of the 'Pro- 
gram-erase cycling' test for the One Time Pro- 
grammable devices. 


ELECTROSTATIC 
DISCHARGE 
PROTECTION 
(ESD) 
This test is performed to validate the producfs 
tolerance to electrostatic discharge damage. 


Both MIL--ST~83 
criteria (human body mod- 


el) and mechanical model charged device test 
are performed. 


HIGH TEMPERATURE 
STORAGE 
LIFE TEST (HTSL) 
Anotherpopular name forthis test is data reten- 
tion bake. This process is used to thermally ac- 
celerate charge loss from the floating gate. The 
test is performed 
by subjecting devices that 
contain a 100% programmed data pattem to a 
25O"C bake with no applied electrical bias or 
clocks. 


In addition to charge loss, this test is used to de- 
tect mechanical reliability (i.e., bond integrity) 
and process instability. 


DYNAMIC 
LOW TEMPERATURE 
LIFE TEST (DLTL) 
This test is performed at -10"C 
to detect the 
effects of hot electron injection into the gate 
oxide as well as packag&-related failures (Le., 
metal corrosion). The biasing and clocking con- 
ditions for this test are identical to the DHTL '1 
test. 


TEMPERATURE 
CYCLE (TMCL) 
This test consists of performing 200 cycles of 
ambient air temperature of the chamber and 
housing the unbiased subject devices from 
--OS°Cto +150°C and back. The 200 cycles are 
performed at 20 minutes per cycle. 


DYNAMIC 
HIGH TEMPERATURE 
LIFE TEST (DHTL #1) 
This test is used to accelerate failure mecha- 
nisms by operating the devices at 125°C ambi- 
ent 
temperature 
with 
worst-case 
specified 
power supply voltages of Vcc and Vpp at 5.5V. 
The memory is sequentially addressed to exer- 
cise the fully-loaded outputs. A checkerboard 
complement data pattern is used to simulate 
random patterns expected during actual use. 


DYNAMIC 
HIGH TEMPERATURE 
LIFE TEST (DHTL #2) 
This test is used to accelerate oxide breakdown 
failures and to further accelerate the failure 
mechanisms of DHTL ,1. The test setup is 
identical to the one used for the DHTL '1 test 
except the temperature is 1SOOCand the Vcc 
and Vpppower supply voltages are 6.5V, result- 
ing in a 20% increase over the specified opera- 
tional electrical field across the gate oxides of 
the device (1.25mV/an 
for 325A oxide thick- 


ness). This represents a 55 X electrical field in- 
duced acceleration in addition to the thermal 
acceleration at 150"C. 


PROGRAM-ERASE 
CYCLING 
AND PROGRAMMABILITY 
All four power supply voltage combinations for 
Vcc and Vpp are tested for programmability 
(Vcc= 6.0V ±0.25VandVpp= 
12.5V ±0.5Vin 
program mode). The number of possible pro- 
gram/erase cycles is then tested to establish 
program-erase cycling expectations. 


FAILURE 
RATE PREDICTIONS 
In preparation for the various life tests, a 168 
hour, 125°C, 5.5V production burn-in is per- 
formed on the devices. The infant mortality re- 
jects are removed from the population in order 
to develop long-term failure rate information 
during the random failure rate portion of the de- 
vice life cycle. 


The failure rate calculation combines all failure 
mechanisms by activation energies and asso- 
ciated device hours for the 125OC, 5.5V Dy- 
namic Ufe Test (DHTL '1), 
the 150"C, 6.5V 
Dynamic Life Test (DHTL '2), the 150"C, 7.5V 
Static Ufe Test and the 250°C Bake. 


Defective bit 
charge gainlloss 
(electron hopping conduction) 
Oxide breakdown 
Silicon defects 
Contamination 
Intrinsic charge loss 


0.3eV 
0.3eV 
1.0 - 1.2eV 
1.4eV 


NOTE: 
The combined failure rate for the stresses is the 
sum of failure rates by activation energies. 


METHODS 
OF FAILURE 
RATE 
CALCULATIONS 


Actual Device Hours: 
Number of Devices x 


Number of Hours. In order to determine the 
Equivalent Hours derated to a given operation 
temperature, the junction temperatures of the 
devices should be calculated using the known 


thermal resistance of the package (9JA)and the 
power dissipation of the devices: 


T1,2: 9JA(IV)1,2 + TA1,2 
(1) 


Using the Arrhenius relation, the test tempera- 
ture and the derated operation temperature will 
yield 
the 
thermal 
acceleration 
factor 
from 


T1 to T2: 


R, 
A'exp[~] 
[EA] 
[1 
1] 
R;: A.eXp[ EA] 
: exp k 
;:;-1'; 
(2) 


kT2 


k 
: 8.617 X 10~ eVIKelvin (Boltzmann's 


constant) 


A 
: 
Proportionality constant for a given 
failure mechanism 
R, : mean time to failure@ T1 
R2 : 
mean time to failure @ T2 
EA : activation energy for the failure 


mechanism 


T, 
: operating temperature 


T2 : 
life test temperature 


An additional 55 X acceleration factor should 
be added for the 150"CI6.5V dynamic life test 
due to the time-dependent oxide failure accel- 
eration (20% higher than specified power sup- 
ply voltage). 


Multiplying the actual device hours by the ac- 
celeration factor for each failure mechanism 
will result in the equivalent hours. 


Poisson statistics are applied to estimate the 
performance of the population from the life test 
results of a sample test. This is useful when the 
probability of failures is small and the failures 
occur randomly in time. A commonly used for- 
mula for estimating the failure rate is the "chi- 
squared" equation: 


x2 
Fe: 
- 
X 100% 
2nt 


Fe : calculated failure rate estimate 
(in %11000 hrs) at upper confidence limit 


X2 : 
"chi-squared" value for 2FA + 2 degrees 


of freedom for oc where FAis the number 


of actual failures (X2 comes from 


available tables for a known oc) 


: 
1-8, where B is the confidence limit 
(B is stated in %). 


n 
: 
number of units in test 
t 
: test time in thousands of hours 
(equivalent) 


Equation 3 will calculate the estimated failure 
rates/1000 hrs for 60% confidence level (indus- 
try standard) for each failure mechanism. 


THE SURE PROGRAM 
The 
SURE 
(Systematic 
Uniform 
Reliability 


Evaluation) program auditslmonitors products 
from all Signetics' divisions under a variety of 
accelerated environmental 
stress conditions. 
this program, first introduced 
in 1964, has 


evolved to suit changing product complexities 
and performance requirements. 


The SURE program has two major functions: 
long-term accelerated stress performance au- 
dit and a short-term accelerated stress monitor. 
In the case of Memory products, samples are 
selected that represent product groups from all 
wafer fabrication and assembly locations. 


SURE REPORTS 
The data from these test matrices provides a 
basic understanding of product capability, an 
indication of major failure mechanisms and an 
estimated 
failure 
rate 
resulting 
from 
each 


stress. This data is compiled periodically and is 
available to customers upon request. 
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Programmable Logic Devices 


DESCRIPTION 
The PLHS16LSA is a high-speed "A" ver- 
sion, and the PLHS16LSB is a very high- 
speed "B"version PAL®-typedevice. The 
sum of products (AND-OR) arcMecture is 
comprised of 64 AND gates and S OR 
gates. The Signetics PLHS16LSAIB de- 
vices offer 100% functional compatibility 
with other PAL 16LSdevices. Specified at 
a tpDof20ns (maximum), the PLHS16LSA 
is 20% faster than other "A" version PAL 
16LS devices, and consumes 20% less 
power than most other "A" speed 16LSde- 
vices. 
The 
PLHS16LSB, 
specified 
at 


155mA Ice (maximum), consumes 20% 
less power than other "B" version PAL 
16LSdevices. 


All AND gates are linked to 10 dedicated 
inputs, 6 bidirectionallJO and 2 dedicated 
outputs. On-{;hip buffers couple eithertrue 
(I, B) or complement (T, B) input polarities 
to all AND gates. The 64 AND gates are 
separated into eight groups of eight prod- 
uct terms each. Within each group, seven 
Df the AND terms are OR'ed together, 
while the eighth is used to control the 
3-State function of the bidirectional 110. All 
outputs (bidirectional and dedicated) are 
inverting. 


Inthe virgin state, the AND array fuses are 
back-to-back CB-EB diode pairswhich act 
as open connections. Current is ava- 
lanched across individual diode pairs dur- 
ing fusing, which essentially short circuits 
the EB diode and provides the connection 
for the associated product term. 


The 
PLHS16LSAIB 
is 
field-program- 
mable, allowing the user to quickly gener- 
ate 
custom 
patterns 
using 
standard 


programming equipment. 


PLHS16L8AJB 
Programmable 
AND Array Logic 
(16 x 64 x 8) 


Order codes are listed in the Ordering 
Information Table. 


FEATURES 


• "A" version 100",4functionally 
and 
pln-for-pin 
compatible with 
AmPAL16L8A, MMI PAL16l8A, 
TlSPAL 16l8-25, and 
N5C PAL16LSA devices 
- 20% faster than other "A" version 
PAL devices 


- tpD= 20ns (max) 


• "S" version 100% functionally 
and 
pln-for-pin 
compatible with 
AmPAL16L8B, MMI PAL16L8S, 
TlSPAL 16L8-15 and N5C PAI.16L8S 
devices 
- Consumes 20% less power than 
other "S" version PAL devices 


- 155mA Ice (worst case) 
- I/O propagation 
delay: 15ns (max) 
("S" version) 


• Field-programmable 


• 10 dedicated Inputs 


• 8 outputs 
- 6 bidirectional 
I/O 
- 2 dedicated outputs 


• Individual 3-5tate control of all 
outputs 


.64 
AND gates/prOduct terms 


• Security fuse 


APPLICATIONS 


• 100% functional 
replacement 
for 


20-pln 16L8 combinatorial 
PAL de- 


vices 


• Random logic 


• Code converters 


• Fault detectors 


• Function generators 


• Address mapping/decoding 


• MUltiplexing 


Philips Components 
.: 


PHILIPS 


1 


0 
==L 
l 
~ 
V 


18 


7 


~ 


8 
l 
V 
18 
,. 


3 
'> 


18 
--L 
l 
~ 
V 
17 


23 
--r 


• 
:> 


2. 
l 
,. 
V 


31 
• 
""5 


32 
l 
,. 
V 


38 
• 
'> 


40 
l 
14 
V 
.7 


7 
'> 
•• 
l 
13 
V 
•• 


8 
'> 


5<l 
l 
12 
V 
Il3 


8 
:> 
11 
I 


NOTES: 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic "I". 
2. 
Programmableconnections. 


DESCRIPTION 
ORDER CODE 


2D-Pin Plastic Dual In-Line (300mil-wide) 
PLHS16LBAN, PLHS16LBBN 


2D-Pin Plastic Leaded Chip Carrier 
PLHS16LBAA,PLHS16LBBA 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
--{).5to +7 
Voc 


VN 
Input voltage 
--{).5to +5.5 
Voc 


VOUT 
Output voltage 
--{).5 to Vcc Max 
Voc 


VOUTPRG 
Output voltage (programming) 
+21 
Voc 


IN 
Input current 
"",,0 to +5 
mA 


'OUT 
Output current 
+100 
mA 


louTPRG 
Output current (programming) 
+170 
mA 


TA 
Operating temperature range 
o to +75 
°C 


TSTG 
Storage temperature range 
~5to+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


TEMPERATURE 


Maximum junction 
1SOoC 


Maximum ambient 
75°C 


Allowable thermal rise 


75°C 
ambient to junction 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Mln 
Typ' 
Max 
UNIT 


Input voltage2 


VII. 
Low 
Vce = MIN 
+0.8 
V 


VIH 
High 
Vce= 
MAX 
+2.0 
V 


Vr:; 
Clamp 
Vcc = MIN, I'N= -18mA 
-{).9 
-1.2 
V 


Output voltage 


Vcc = MIN, V,N= V1Hor V,L 


VQ 
Low 
IOL= +24mA 
+0.50 
V 


VQH 
High 
10H= --3.2mA 
+2.4 
+3.5 
V 


Input current 


Vce= 
MAX 


I'L 
Low 
V1N= +0.40V 
-20 
-100 
J.1A 


IIH 
High 
V1N= +2.7V 
+25 
J.1A 


I, 
High 
V1N= +5.5V 
+1.0 
mA 


Output current 


Vcc = MAX, V1L= 0.8V, V'H = 2.0V 


10ZH 
Output leakage 
VOUT= +2.7V 
+100 
J.1A 


10ZL 
Output leakage 
VOUT= +0.40V 
-so 
J.1A 


los 
Short circuit 3 
VOUT= +0.5V 
--30 
-60 
-90 
mA 


Ice 
Vcc current 
Vce = MAX, All inputs = GND 
100 
155 
mA 


Capacltance' 


Vcc = +5V 


C,N 
Input 
V,N= 2.0V@I= 
lMHz 
6 
pF 


COUT 
110 
VOUT= 2.0V @ 1= 1MHz 
9 
pF 


NOTES: 


1. Typical limits are at Vce = 5.0V and TA = +25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. 
Not more than one output should be tested at a time. Duration 01the short circuit should not be more than one second. VOUT= 0.5V has 
been chosen to avoid test problems caused by tester ground degradation. 


4. 
These parameters are not 100% tested, but are periodically sampled. 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST 
PLHS16l8A 
PLHS16l8B 
UNIT 


CONDITIONS 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


!Po 
Propagation delay 
Output± 
Input± 
CL = 50pF 
14 
20 
12 
15 
ns 


tEA 
Output enable 
Output- 
Input± 
CL = 50pF 
14 
20 
12 
15 
ns 


tER 
Output disable 
Output + 
Input± 
CL = 5pF 
14 
20 
12 
15 
ns 


NOTES: 
1. Typical limits are at Vr:;c= 5.0V and TA = +25°C. 
2. tpo is tested with switch $, closed and CL = 5OpF. 
3. 
For 3-State output; output enable times are tested with CL = 50pF to the 1.5V level, and $, is open for high-impedance 
to High tests and 
closed for high-impedance 
to Low tests. Output disable times are tested with CL. 5pF. High-to-High 
impedance tests are made to an output 


voltage of VOH= ~.5V 
with $, open, and Low-lo-High 
impedance tests are made to the VOL= +O.5V level with $, closed. 


VIRGIN STATE 
TIMING DEFINITIONS 


A factory shipped virgin device contains all 
fusible links open, such that: 
1. All outputs are enabled. 


2. All p-terms are enabled in the AND array. 


SYMBOL 
PARAMETER 


!Po 
Input to output propagation 
delay. 


lER 
Input to output disable 
(3-State) delay (Output 
Disable). 


lEA 
Input to Output Enable 
delay (Output Enable). 


~~~-------"t~Jg: 
~ _==========»=»» 
«K:: 


WAVEFORM 
INPUTS 
OUTPUTS 


~ 


DON'TCARE; 
CHANGING; 


ANYCHANGE 
STATE 
PERIIlTTED 
UNKNOWN 


1» «C 


CENTER 


DOESNOT 
UNE\SHGH 
APPLY 
IMPEDANCE 
"OFF"STATE 


AC TEST LOAD CIRCUIT 


Vcc L.-> 


c,y~ 
R, 


10 
By 


R2 
CL 
INPUTS 
OUT 
BX 
GHD BZ 
OUTPUTS .". 


.". 


NOTE: 
Cl and C2 81e10 bypass VCC to GND. 


MEASUREMENTS: 
An drcult delays are measured at the .•.1.5V level of 
inputs 
and 
outputs, 
unless 
otherwi&e 
specified 
. 


LOGIC PROGRAMMING 
PLHS16LBAlB logic designs can be generated 
using 
any 
commercially 
available, 
JEOEC 


standard design 
software that supports 
the 


16L8 architecture. No JEOEC fuse map con- 
version or translation is necessary when using 
the PLHS 16LBAlB. 


PLHS16L8A1B designs can also be generated 
using the program table fonnat, detailed on the 
following page. This program table entry (PTE) 
fonnat is supported on the Signetics AMAZE 
PLO design software. AMAZE is available free 
of charge to qualified users. 


To implement the desired logic functions, each 
logic variable (I, B, P and 0) from the logic 
equations is assigned a symbol. TRUE (High), 
COMPLEMENT 
(Low), 
DON'T 
CARE 
and 


INACTIVE symbols are defined below. 


1L 
B 
1I'B 
1 


1 


• 
B 


1 
LB 
LB 
LB 
LB 
LB 


LV 
LV 
LV 
LV 


P,D 
P,D 
p,D 
P,D 


I~ 
I 
STATE ffi 
COMPLEMENT 
L 


NOTE: 
1. This is the initial state of all diodes pairs. 
2. All unused prodlct 
terms must be programmed with all pairs of diodes in the INACTIVE state (all fuses on an unused p-term must be 
programmed). 


AND 
I 
OR (FIXED) 
~-------1-------- 


INACTIVE 
0 
I 
DIRECTION 
D 


I, B 
H 
I 
ACTIVE OUTPU 
A 
~ B(~ I 
I,B 
L 
I 
NOTUSED 
/ 


DON'T CARE 
- 
I 
II 
I 
II 


NOTES: 


1, The FPLA Is ahlpped with alliinka open, 


2. Unuted I and B bits In the AND array exist u 
Don't 


Care (-) In the virgin atate, 


3. AI p-t8fm8 are active untlt programned 
otherwise. 


4. AI unused product terml must be progr81TlT'l8d 
with 


all pairs of 1u186 In the INACTIVE 11818(al ft••• 


on an unused 
p-term 
IT'IlJIt be programmed). 


5. Data cannot be entered Into the OR auay field due 


to the fixed nature of the device archllecture. 


•. 
.. 
------- 
.. 
.. 
'" 
W 


N 
~ 
;: 
~ 
;: 
------- 
~ 


:;: 


;;: 


.• 
.• 


..• 
•. 


Z 
.. ~ 
c: 
.. -t 


-::: 


w 


N 
~ 
Z 
~ 
0 


0 
•. 
.. Z 
.. ~ 
c: 


w 
Cil 


N § 
~ 


; 
~ •••••• 
o 


~ 
••••••• 
0 
= 
0 
\~ 


~ 
••••••• 
0 


; 
••••••• 
0 


N ••••••• 
0 


Document No. 853-1358 


ECN No. 
98103 


Date of Issue 
November 14, 1989 


Status 
Product Specification 


Programmable Logic Devices 


FEATURES 


• Ultra high-speed 


- tpo = 7.5ns and fMAX = 74MHz for 


the PLUS16R8-7 Series 


- tpo = 10ns and fMAX = 60 MHz for 


the PLUS16R8D Series 


• 100% functionally 
and pln-for-pln 


compatible with Industry standard 
2O-pln PAL ICs 


• Power-up reset function 
to enhance 


state machine design and testabil- 
Ity 


• Design support provided via 


AMAZE and other CAD tools for 
Series 20 PAL devices 


• Field-programmable 
on Industry 


standard programmers 


• security 
fuse 


• Individual 
3-State control of all 


outputs 


PLUS16R8D/-7 
SERIES 
PAL®-Type Devices 


16LB, 16RB, 16R6, 16R4 


DESCRIPTION 
The Signetics PLUS16XX family consists 
of ultra high-speed 7.5ns and 10ns ver- 
sions of Series 20 PAL devices. 


The PLUS16XX family is 100%functional 
and pin-compatible with the 16L8, 16R8, 
16R6, and 16R4 Series devices. 


The sum of products (ANO-QR) architec- 
ture is comprised of 64 programmable 
AND gates and 8 fixed OR gates. Multiple 
bidirectional pins provide variable inpuV 
output pin ratios. Individual3-State control 
of all outputs and registers with feedback 
(R8, R6, R4) is also provided. Proprietary 
designs can be protected byprogramming 
the security fuse. 


The PLUS16R8, R6, and R4 have D-type 
flip-flops 
which 
are 
loaded 
on 
the 
Low-to-High transition of the clock input. 


In order to facilitate state machine design 
andtesting, a power-up resetfunction has 
been incorporated into these devices to 


reset all internal registers to active-Low af- 
ter a specific period of time. 


The Signetics State-of-the-Art oxide isola- 
tion 
Bipolar 
fabrication 
process 
is 
employed to achieve high-performance 
operation. 


The PLUS16XX family of devices are field 
programmable, 
enabling 
the 
user to 
quickly generate custom patterns using 
standard programming equipment. See 
the programmer chart for qualified pro- 
grammers. 


The 
AMAZE 
software 
package 
from 
Signetics supports easy design entry for 
the PLUS16XX series as well as other 
PLD 
devices 
from 
Signetics. 
The 
PLUS16XX series are also supported by 
other standard CAD tools for PAL-typede- 
vices. 


Order codes are listed in the Ordering 
Information table. 


DEVICE NUMBER 
DEDICATED 
COMBINATORIAL 
REGISTERED 


INPUTS 
OUTPUTS 
OUTPUTS 


PLUS16L8 
10 
8(6 VOl 
0 


PLUS16R8 
8 
0 
8 


PLUS16R6 
8 
2110 
6 


PLUS16R4 
8 
4110 
4 


Philips Components 


PHILIPS 
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0, 
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Do 


OE 


PLUS16L8 
PLUS16R8 


" 
" 
'0 
Vcc 
0, 


B, 
0, 


B, 
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B, 
0, 


B, 
0, 


" 
8 
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00 
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SYMBOL 
DESCRIPTION 
SYMBOl 
DESCRIPTION 
, 
Dedk:ated 
Input 
, 
Dedicared 
Input 
0 
Dedicated 
col'l'i>ina.torial 
Output 
0 
Dedicaled 
c:orminalorial 
OUtput 
a 
Registered 
output 
a 
Registered output 
B 
Bdirectional 
(inpuVoutput) 
B 
Bidirectional 
(inpuVoutput) 
eLK 
e_lnpu1 
CLK 
Clock 
input 
OE 
Output 
Enable 
DE 
Output 
Enable 


Vcc 
Supply 
Voltage 
Vee 
Supply 
Voltage 


GND 
Ground 
GND 
Ground 


PAL-Type 
Devices 
16L8, 16R8, 16R6,16R4 


SYM80L 


I 
o 
Q 
8 


CLK 
OE 
Vcc 
GND 


DESCRIPTION 


Dedicated 
Input 


Dedicated 
combinatorial 
Output 


Registered 
output 


Bidirectional 
(input/output) 


Clock 
input 


Output 
Enable 


Supply 
Voltage 


Ground 


"cc 
CLK 


8, 


a, 


a, 


a, 


a, 


a, 


a, 


80 
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DESCRIPTION 


Dedicated 
Input 


Dedicated 
corrbinalorial 
Output 


Registered 
output 


Bidirectional 
(input/output) 


Clock 
input 


Output 
Enable 


Supply 
Voltage 


Ground 


PAL-Type 
Devices 


16L8,16R8,16R6,16R4 
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NOTES, 
1. 
All unprogrammed 
01' virgin 
-AND" 
gate 
locations 
are pulled 
to logic "0". 
2. 
Progrill'Tlfl"lat»e 
connections. 
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NOTES, 
1. 
All unprogrammed 
or virgin 
"AND" 
gale 
Iocalions 
are 
pulled 
to logic "0". 


2. 
Programmable 
connections. 
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NOTES: 
1. 
All unprogranvned 
Of' virgin ~AND" gale 
locations 
are pulled 
to logic V. 
2. 
Progr~ 
connections. 
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NOTES: 
1. 
All unprogrammed 
or virgin -AND" 
gate 
locations 
are pulled 
to logic "0". 


2. 
Programmable 
connections. 


FUNCTIONAL 
DESCRIPTIONS 
The PLUS16XX 
series 
utilizes the familiar 


sum-of-products 
implementation consisting of 


a programmable AND array and a 
fixed OR 


array. These devices are capable of replacing 
an equivalent 
of four or more SSI/MSI inte- 


grated circuits to reduce package count and 
board area ocx:upancy, consequently improv- 
ing reliability and design cycle over Standard 
Cell or gate array options. By programming the 
security fuse, proprietary designs can be pro- 
tected from duplication. 


The PLUS16XX series consists of four PAL- 
type devices. Depending on the particular de- 
vice type, there are a variable 
number 
of 


combinatorial and registered outputs available 
to the designer. The PLUS16L8 isacombinato- 
rial part with 8 user configurable outputs (6 bi- 
directional), 
while 
the other 
three 
devices, 
PLUS16R8, 
PLUS16R6, 
PLUS16R4, 
have 
respectively 8,6, and 4 output registers. 


3-State 
Outputs 


The PLUS16XX series devices also feature 
~tate 
output buffers on each output pinwhich 


can be programmed for individual control of all 
outputs. The registered outputs (On) are con- 
trolled by an external input (/OE), and the com- 
binatorial outputs (On, Bn) use a product term 
to control the enable function. 


Programmable 
Bidirectional 
Pins 
The 
PLUS 16XX 
products 
feature 
variable 
InpuVOutput ratios. In addition to 8 dedicated 
inputs, each combinatorial output pin of the 
registered devices 
can be individually 
pro- 


grammedasan 
input or output. The PLUS16L8 
provides 10dedicated inputs and 6 Bidirection- 
al I/O lines that can be individually configured 
as inputs or outputs. 


Output Registers 
The PLUS16R8 has 8 output registers, the 
16R6 has 6, and the 16R4 has 4. Each output 
register is a D-type flip-flop which is loaded on 
the Low-to-High 
transition of the clock input. 


These output registers are capable of feeding 
the outputs of the registers back into the array 
to facilitate design of synchronous state ma- 
chines. 


Power-up 
Reset 
By resetting all flip-flops to a logic Low, as the 
power is lurnedon, the PLUS16R8, R6, R4 en- 
hance state machine design and initialization 
capability. 


Software 
Support 
Like other Programmable Logic Devices from 
Signetics, the PLUS16XXseries are supported 


by AMAZE, the PC-based 
software develop- 


menllool from Signetics. The PLUS16XX fami- 
ly of devices are also supported by standard 
CAD tools for PAL devices, including ABEL and 
CUPL. 


AMAZE is available free of charge to qualified 
users. 


Logic Programming 
Logic designs for PLUS16XX series can be 
generated 
using any commercially 
available 
JEDEC standard design software that supports 
the 2O-pin PAL devices. No JEDEC fuse map 
conversion or translation is necessary when 
transferring designs from slower 2O-pin PAL 
devices. 


To implement the desired logic functions, each 
logic variable from the logic equations is as- 
signed a symbol. True (High), Complement 
(Low), Don't Care and Inactive symbols are de- 
fined below. 


4" 4" 4" 4" 


~B 
I, B 
I,B 
I,B 
1,8 
1,8 
1,8 
1,8 


P,D 
P, D 
P, D 
P, D 


I 
STATE 
I CODE I 
I 


STATE 
I C~DE I 
I 


STATE 
I C~DE I 
I 


STATE 
I C~DE I 
I 
INAcnve1•2 
I 
o 
I 
I,B 
I,B 
DON'T 
CARE 


VIRGIN 
STATE 


A factory shipped virgin device contains all fus- 
ible links intact, such that: 
1. All outputs are at "W polarity. 


2. All Pn terms are disabled. 


3. 
All Pn terms are active on all outputs. 


PAL-Type 
Devices 
16L8, 16R8, 16R6, 16R4 


DESCRIPTION 
ORDER CODE 


PLUS16R8DN 
PLUS16R6DN 
PLUS16R4DN 


2Q-Pin Plastic Dual-In-Une 
PLUS16L8DN 


300mil-wide 
PLUS16R8--7N 
PLUS16R6-7N 
PLUS16R4-7N 
PLUS 16L8--7N 


PLUS16R8DA 
PLUS16R6DA 
PLUS16R4DA 


2Q-Pin Plastic Leaded Chip Carrier 
PLUS16L8DA 


(PLCC) 
PLUS16R8--7A 
PLUS16R6-7A 
PLUS16R4-7A 
PLUS16L8-7A 


NOTE: 
The PLUS16XX series of devices are also processed to military requirements for operation over 
the military temperature range. For specifications and ordering information, consult the Signetics 
Military Data Book. 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
-Q5 
+7 
VDC 


VI'l 
Input voltage 
-Q.5 
+5.5 
VDC 


VOUT 
Output voltage 
+5.5 
VDC 


IIN 
Input currents 
--30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TSTG 
Storage temperature range 
~5 
+150 
°c 


NOTE: 
1. .Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+4.75 
+5.25 
VDC 


TA 
Operating free--air temperature 
0 
+75 
°c 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


PAL-Type 
Devices 
16L8, 16R8, 16R6, 16R4 


- 
- 
- 
- 
UMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ' 
Max 
UNIT 


Input vollage2 


V,L 
Low 
Vcc = Min 
0.8 
V 


V,H 
High 
Vcc ~ Max 
2.0 
V 


Vie 
Clamp 
Vcc = Min, I'N= -18mA 
-0.8 
-1.5 
V 


Output voltage 


Vcc = Min, V,N = V,Hor V,L 


VOL 
Low 
10L= 24mA 
0.5 
V 


VOH 
High 
10H= -3.2 mA 
2.4 
V 


Input current 


Vcc = Max 


I'L 
Low3 
V,N = 0.40V 
-250 
~ 


I'H 
High3 
V'N = 2.7V 
25 
~ 


I, 
Maximum 
input current 
V'N = Vcc = VCCMIO< 
100 
~ 


Output current 


Vcc = Max 


10ZH 
Output leakage 
Vour = 2.7V 
100 
~ 


lOll 
Output leakage 
Your = 0.4V 
-100 
~ 


los 
Short circuit", 5 
Your = OV 
-30 
-90 
mA 


Icc 
Vcc supply current 
Vcc = Max 
180 
mA 


Capacitance" 


C,N 
Input 
Vcc = 5V 


Vour = 2.0V 
8 
pF 


Ca 
1/0(8) 
Your = 2V, f = 1MHz 
8 
pF 


NOTES: 


1. All typical values are at Vcc = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. 
Leakage current for bidirectional pins is the worst case of I'L and 10ZLor I'H and 10ZH. 
4. 
Test one at a time. 
5. 
Duration of short circuit should not exceed 1 second. 
6. 
These parameters are not 100% tested but periodically sampled. 


PAL-Type 
Devices 


16L8, 16R8, 16R6, 16R4 


LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
-7 
0 
UNIT 


Min' 
Max 
Min' 
Max 


Pulse Width 


!eKH 
Clock High 
CK+ 
CK- 
5 
7 
ns 


!eKl 
Clock Low 
CK- 
CK+ 
5 
7 
ns 


!eKP 
Period 
CK+ 
CK+ 
10 
14 
ns 


Setup 
& Hold time 


tiS 
Input 
Input or 
CK+ 
7 
9 
ns 
feedback 


tlH 
Input 
CK+ 
Input or 
0 
0 
ns 
feedback 


Propagation 
delay 


!eKO 
Clock 
CK± 
a± 
3 
6.5 
3 
7.5 
ns 


!eKF 
Clock3 
CK± 
a 
3 
7 
ns 


lpo 
Output (20LB, R6, R4)2 
I, B 
Output 
7.5 
10 
ns 


IoE' 
Output enable4 
DE 
Output enable 
3 
B 
3 
10 
ns 


IoE2 
Output enable4.s 
I 
Output enable 
3 
10 
3 
10 
ns 


100' 
Output disable4 
DE 
Output disable 
3 
B 
3 
10 
ns 


1oD2 
Output disable4,s 
I 
Output disable 
3 
10 
3 
10 
ns 


tSKW 
Output 
Q 
Q 
1 
1 
ns 


lpPR 
Power-Up Reset 
Vcc+ 
Q+ 
10 
10 
ns 


Frequency 
(20R8, R6, R4) 


No feedback 1/ (!eKL+ !eKH)6 
100 
71.4 
MHz 


fMAX 
Internal feedback 1/ (tiS + !eKd 
100 
62.5 
MHz 


External feedback 1/ (tiS + !eKO)6 
74 
60.6 
MHz 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 


NOTES: 
1. CL = OpF while measuring minimum output delays. 
2. tpo test conditions: CL = 50pF (with jig and scope capacitance), VIH= 3V, VIL = OV,VOH~ VOL= 1.5V. 
3. 
!eKFwas calculated from measured Internal fMAX. 


4. 
In reference to 3-State outputs, output enable times are tested with CL = 50pF to the 2.0V or O.BVlevel. Output disable times are tested with 
CL = 5pF. High to High-impedence 
tests are made to an output voltage of VT = Vo~.5V; 
Low to High-impedence 
tests are made to the 


VT = VOL+0.5V level. 


5. 
Same function as IoE' and 100', with the difference of using product term control. 


6. 
Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency. 


PAL-Type 
Devices 
16L8, 16R8, 16R6,16R4 


10 
1lot00 
+5V 
~""' 
.... 
I 
ANDJIG 
I 
lInI°n 
R, 
CAPACITANCE 


I 
00 
I 
I 
In o--l-- 
On 


R2":" ICl 
CK 0---- 
UE 


":" 


-------------- 
3V 


CK 
/ 
ov 


~'.5V 


3V 


OV 
£'s~ 
3V 
uv 


OV 


On 


(REGISTERED OUTPUT) 
_ 


On., 


(REGISTERED OUTPUT) 
~ 


~ 
1~-teKF 
·1 


PAL-Type 
Devices 


16L8,16R8,16R6,16R4 


i 


------------------------+3V 


(INPUi~ 
•.• 
'._5V 


ov 


-----'PD 


0,8 
(COMBINATORIAL 


OUTPUTS) 
f: 


too2 
--------+3V 
________ 
:sv 


1,8 
(OUTPUT 
ENA8LE) 
_ 


vcc 


ov 


VOL 


+3V 


ov 


+3V 
1.5V 


ov 


a 
(REGISTERED 
OUTPUTS) 


SYMBOL 
PARAMETER 


!eKH 
Width of input clock pulse. 


!eKL 
Interval between clock pulses. 


!eKP 
Clock period. 


Required 
delay between be- 


tiS 
ginning of valid input and posi- 
tive transition of clock. 


Required delay between posi- 


tlH 
tive transition of clock and end 
of valid input data. 


Delay between positive trans- 


!eKF 
ition of clock and when internal 
o output of f1iJr-fiop becomes 
valid. 


Delay between positive trans- 


!eKO 
ition of clock and when outputs 
become valid (with OE Low). 


Delay between 
beginning 
of 


toE. 
Output Enable Low and when 
outputs become valid. 


Delay between 
beginning 
of 


tool 
Output Enable High and when 
outputs are in the Off-State. 


Delay 
between 
predefined 


toE2 
Output Enable High, and when 
combinational outputs become 
valid. 


Delay 
between 
predefined 


toD2 
Output Enable Low and when 
combinational 
outputs 
are in 


the Off-State. 


Delay between Vcc (after pow- 


tpPR 
er-on) and when f1iJr-fiop out- 
puts become preset at "1" (in- 
ternal Q outputs at "0"). 


Propagation 
delay 
between 


tpD 
combinational inputs and out- 
puts. 


No feedback: 
Determined by 


the minimum clock period, 
l/(!eKL + !eKH)' 
Internal 
feedback: 
Deter- 


mined 
by the 
internal 
delay 


from flip-flop 
outputs through 


the internal feedback and array 
to the f1iJr-fiop inputs, 1/(t,s + 
!eKF). 
External 
feedback: 
Deter- 


mined 
by 
c1ock-to-output 


delay 
and 
input setup time, 


l/(tls + !eKO)· 


NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. 
Input rise and fall times are 2.5ns. 


PAL-Type Devices 
16L8, 16R8, 16R6,16R4 


PROGRAMMING 


The PLUS16XX Series are programmable on conventional programmers for 2D-pin PAL® devices. Refer to the following ctlarts for qualified 
manufacturers of programmers and software tools: 


PROGRAMMER 
MANUFACTURER 
PROGRAMMER MODEL 
FAMILY/PINOUT CODES 


DATA I/O CORPORATION 
SYSTEM 29B, LogicPak™ 303A-V04 


10525 WILLOWS ROAD. N.E. 
16l8-7/16L8D 
: 18117 


P.O. BOX 97046 
ADAPTER 
303A--{)IIA-V08 
16R8-7/16R8D: 
18124 


REDMOND, WASHINGTON 98073-9746 
303A--{)IIB-V04 
16R6-7I16R6D 
: 18124 
UNISITE 40/48, V2.3 (DIP) 
16R4-7116R4D : 18124 


{8oo)247-5700 
V2.5 (PLCC) 
MODEL60.60AlH, 
V.13 


STAG MICROSYSTEMS. 
INC. 
ZL30130A PROGRAMMER 
16l8-7116L8D 
: 11/29 
1600 WYATI DRIVE 
SUITE 3 
REV.30A31 
16R8-7I16R8D: 
11130 


SANTA CLARA. CALIFORNIA 95054 
16R6-7I16R6D 
: 11130 
PPZ PROGRAMMER 
16R4-7I16R4D 
: 11130 


(408)988-1118 
TBA 


SOFTWARE MANUFACTURER 
DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 
811 EAST ARQUESAVENUE 
P.O. BOX 3409 
AMAZE SOFTWARE 


SUNNYVALE, CALIFORNIA 94088-3409 
REV. 1.7 


(408)991-2000 


DATAVO 
10525 WILLOWS ROAD, N.E. 
P.O. BOX 97046 
ABELTM SOFTWARE 
REDMOND, WASHINGTON 98073-9746 
REV. 1.0 AND LATER 


(800)247-5700 


LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 
FORT LAUDERDALE, FLORIDA 33309 
CUPL™ SOFTWARE 


{8oo)331-7766 
REV. 1.01 AND LATER 


DESCRIPTION 
The 
PHD16N8-5 
is 
an 
ultra 
fast 


Programmable High-speed Decoder fea- 
turing a 5ns maximum propagation delay. 
The 
architecture 
has been optimized 


using 
Philips 
Components-Signetics 


state-of-the-art 
bipolar oxide isolation 


process coupled with titanium-tungsten 
fuses to achieve superior speed in any 
design. 


The PHD16N8-5 is a single level logic 
element comprised of 10 fixed inputs, 8 
AND gates, and 8 outputs of which 6 are 
bidirectional. This gives the device the 
ability to have as many as 16 inputs. In- 
dividual 3-State control of all outputs is 
also provided. 


The device is field-programmable, 
en- 
abling the userto quickly generate custom 
patterns 
using standard 
programming 


equipment. Proprietary designs can be 
protected by programming the security 
fuse. 


The 
AMAZE 
software 
package 
from 


Philips Components-Signetics 
supports 


easy design entry for the PHD16N8-5 as 
well as other PLD devices. 


Order codes are listed in the pages 
following. 


r I U~I 
allllllaUI~ 
nl~ll-utJ~~U 
Decoder Logic (16 x 16 x 8) 


FEATURES 
PIN CONFIGURATIONS 


• Ideal for high speed system 
N Package 


decoding 


• Super high speed at 5ns tPD 
vcc 


• 10 dedicated inputs 
0, 


B. 


.8 
outputs 
B. 
- 6 bidirectional 
I/O 
B. 


- 2 dedicated outputs 
B3 


• security 
fuse to prevent duplication 
B2 


of proprietary 
designs. 
B, 


• Individual 3-State control of all 
00 


outputs 
GND 


• Field-programmable 
on Industry 
standard programmers 
N _ Plastic 


• Avaliable In 2O-pin Plastic DIP and 
20-Pln PLCC 


A Package 


APPLICATIONS 


• High speed memory decoders 


• High speed code detectors 


• Random logic 


• Peripheral selectors 


• Machine state decoders 


• Footprint compatible to 16L8 


• Fuse/Footprint 
compatible 
to 
nBPAD 


PhilipsComponents 
. . 


PHILIPS 
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NOTES: 


1. All Wlprogrammed 
or virgin 
"AND" g•• 
location. 
are puned to logic "0" 
2. 
Prograrnmebleconrwc1lone 


Programmable 
High-Speed 
Decoder Logic (16 x 16 x 8) 


DESCRIPTION 
ORDER CODE 


2o-Pin Plastic Dual In Line Package; (300mi~wide) 
PHD16N8-5N 


2o-Pin Plastic Leaded Chip Carrier; (350mil square) 
PHD16N8-5A 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


RATINGS 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Vcc 
Supply voltage 
-0.5 
+7 
Voc 


V1N 
Input voltage 
-0.5 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
-65 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other oondition above those indi- 
cated in the operational and programming specification of the device is not implied. 


RATINGS 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Vcc 
Supply voltage 
+4.75 
+5.25 
Voc 


TA 
Operating free-air temperature 
0 
+75 
°C 


Programmable 
High-Speed 
Decoder Logic (16 x 16 x 8) 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ' 
Max 
UNiT 


Input voltage2 


Vt. 
Low 
Vce=MIN 
0.8 
V 


VIH 
High 
Vce= 
MAX 
2.0 
V 


Vr:; 
Clamp 
Vce = MIN,IIN =-18mA 
-<l.8 
-1.5 
V 


Output voltage 


Vcc = MiN, VIN= VIHor V1L 


VOL 
Low 
iOL= +24mA 
0.5 
V 


VQH 
High 
10H=-3.2mA 
2.4 
V 


input current 


Vce= 
MAX 


It. 
Low 
VIN= +O.40V 
-20 
-250 
~ 


IIH 
High 
VIN= +2.7V 
25 
~ 


II 
High 
VIN = Vcc = Vce MAX 
100 
~ 


Output current 


Vce= 
MAX 


10ZH 
Output leakage 3 
VOUT= +2.7V 
100 
~ 


lOll 
Output leakage 3 
VOUT= +O.40V 
-100 
~ 
los 
Short circuit 4 
VOUT= OV 
-30 
-90 
mA 


Ice 
Vce supply current 
Vce= 
MAX 
115 
180 
mA 


Capacltance5 


Vcc = +5V 


CIN 
input 
VIN= 2.0V@I= 
lMHz 
8 
pF 
COUT 
110 (B) 
VOUT= 2.0V @ 1= 1MHz 
8 
pF 


NOTES: 


1. Typical limits are at Vce = 5.0V and TA = +25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. 
Leakage current for bidirectional pins is the worst case 01IlLand lOll or IIHand 10zH. 
4. 
Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 


5. These parameters are not 100% tested, but are periodically sampled. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITIONS 
Mln 
Max 
UNIT 


tpo' 
Propagatiqn delay 
(I, B)± 
Output± 
CL = 50pF 
5 
ns 


toe2 
Output Enable 
(I, B)± 
Output enable 
CL = 50pF 
10 
ns 


too2 
Output Disable 
(I, B)± 
Input disable 
CL = 5pF 
10 
ns 


NOTES: 
1. tpo is tested with switch 5, closed and CL = 50pF. 
2. 
For 3-State output; output enable times are tested with CL = 50pF to the 1.5V level, and 5, is opan for high-impedance 
to High tests and 
closed for high-impedance 
to Low tests. Output disable times are tested with CL= 5pF. High-to-High 
impedance tests are made to an out- 
put voltage of VT = VOH - 0.5V with 5, open, and Low--te>-Highimpedance tests are made to the VT = VOL+ 0.5V level with 5, closed. 


VIRGIN STATE 
TIMING DEFINITIONS 
A factory shipped virgin device contains all 
fusible links open, such that: 


1. All outputs are disabled. 


2. All p-terms are disabled in the AND array. 


SYMBOL 
PARAMETER 


!Po 
Input to output propagation 
delay. 


Input to Output Disable 
foo 
(3-State) delay (Output 
Disable). 


foe 
Input to Output Enable 
delay (Output Enable). 


~ s r-+-t-+--+-t-+-.l.-----l' 


~ 
5 r-:l-+--+-+-+---1f-t--i 
o 
~ 
4 r-+--+--+-+-+-+--+----I 
~ 
~ 
3 r-+--+--+--+-+---1e-t--i 
~ 
~ 
2 t-+--+-+-t-+--+-+----j 
... 


TESTCONDITIONS: 
TA. 
7s<'c; 
vcc· •.75V; CL· 
SOpF; 
R,.2OOA;R2-390Q 
--~~---tJ=g~~ 


oo~n _=========»=»» 


WAVEFORM 
INPUTS 
OUTPUTS 


~ 


DON'TCARE; 
CHANGING, 
ANY 
CHANGE 
STATE 
PERIIITTED 
UNKNOWN 


1» «{ 


CENTER 
DOES 
NOT 
LINE 
IS HIGH 
APPLY 
IMPEDANCE 
"OfT" 
STATE 


Programmable 
High-Speed 
Decoder Logic (16 x 16 x 8) 


LOGIC PROGRAMMING 
PHD16N8-5 
logic designs can be generated 
using 
any 
commercially 
available, 
JEDEC 


standard design software. 


PHD16N8-5 
designs can also be generated 
using the program table format, detailed on the 
following page. This program table entry (PTE) 
format is supported on the Signetics AMAZE 
PLD design software. AMAZE is available free 
of charge to qualified users. 


MEAsuREMENTS: 
All circuk 
delays 
are measured 
at the +1.5V 
level 
of 
Inputs 
and 
outputs, 
unles8 
otherwi6e 
&p9Cified. 


To implement the desired logic functions, each 
logic variable (I, B, P and D) from the logic 
equations is assigned a symbol. TRUE (High), 
COMPLEMENT (Low), DON'T CARE and IN- 
ACTIVE symbols are defined below. 


1 


1'B 
1I'B 
1 


I'B 
1~B 
~B 
~B 
I,B 
I,B 
r,ll 
\ Il 
I,ll 
I,ll 


P,D 
P,D 
P,D 
P,D 
I~ 
I 
STATE ffi 
COMPLEMENT 
L 


STATE 
~ 
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Programmable Logic Devices 


DESCRIPTION 
The PLHS18P8A and the PLHS18P8B 
are two-level logic elements consisting of 
72 AND gates and 8 OR gates with fusible 
connections for programming I/O polarity 
and direction. 


All AND gates are linked to 10 inputs (I) 
and 8 bidirectional 110 lines (B). These 
yield variable I/Ogate configurations via 8 
direction control gates, ranging from 18 
inputs to 8 outputs. 


On-chip T/C buffers couple either True 
(I, B) or Complement 0,B) input polarities 
to all AND gates. The 72 AND gates are 
separated into 8 groups of 9 each. Each 
group of 9 is associated with one bidirec- 
tional pin. In each group, eight of the AND 
terms are ORed together, while the ninth 
is used to establish I/O direction. All out- 
puts are individually programmable via an 
Ex-oR 
gate to allow implementation of 


AND/OR or NANDINOR logic functions. 


Inthe virgin state, the AND array fuses are 
back-to-back CB-EB diode pairs which 
will act as open connections. Current is 
avalanched across individual diode pairs 
during fusing, which essentially short cir- 
cuits the EB diode and provides the con- 
nection for the associated product term. 


The 
PLHS18P8AIB 
is 
field-program- 


mable, allowing the user to quickly gener- 
ate 
custom 
patterns 
using 
standard 


programming equipment. 


Order codes are listed in the Ordering 
Information Table. 


PLHS18P8AJB 
PAL®-Type Devices 


FEATURES 


• "A" version 100% functionally 
compatible with AmPAL 18P8A and 
all 16L8, 16P8, 16H8, 16L2, 16H2, 
14L4, 14H4, 12L6, 12H6, 10L8, 10H8, 
16LD8 and 16HD8 "AU speed 
PAL-type products 


• "B" version 100% functionally 
compatible with AmPAL 18P8B and 
all 16L8, 16P8, 16H8, 16L2, 16H2, 
14L4, 14H4, 12L6, 12H6, 10L8, 10H8, 
16LD8 and 16HD8 "B" speed 
PAL-type products 


• Field-programmable 


• 10 Inputs 


• 8 bidirectional 
110 lines 


• 72 AND gates/prOduct terms 
- configured 
Into eight groups of 
nine 


• Programmable 
output polarity 
(3-State output) 


• 110 propagation 
delay: 
- PLHS18P8A: 20ns (max) 


- PLHS18P8B: 15ns (max) 


• Power dissipation: 
SOOmW(typ) 


• TTL compatible 


• Security fuse 


PIN CONFIGURATIONS 


N Package 


vcc 


B7 


11$ 


BSa. 


B3 


Il2 


B, 


110 


GND 


A Package 


APPLICATIONS 


.100% 
functional 
replacement 
for all 


20-pln combinatorial 
PAL devices 


• Random logic 


• Code converters 


• Fault detectors 


• Function generators 


• Address mapping 


• Multiplexing 
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NOTES, 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic "1". 
2. 
Programmable connections. 
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TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


DESCRIPTION 
ORDER CODE 


2D-Pin Plastic Dual In-Line (300mil~wide) 
PLHS18P8AN,PLHS18P8BN 


2D-Pin Plastic Leaded Chip Carrier 
PLHS18P8AA,PLHS18P8BA 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
-{).5 to +7 
Voc 


VIN 
Input voltage 
-{).5 to +5.5 
Voc 


VOUT 
Output voltage 
-{).5 to Vcc Max 
Voc 


VOUTPRG 
Output voltage (programming) 
+21 
Voc 


IIN 
Input current 
-30 to +5 
mA 


lOUT 
Output current 
+100 
mA 


IOUTPRG 
Output current (programming) 
+170 
mA 


TA 
Operating temperature range 
o to +75 
°C 


TSTG 
Storage temperature range 
~5 
to +150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi~ 
cated in the operational and programming specification of the device is not implied. 


- 
- 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
PLHS18P8A 
PLHS18P8B 
UNIT 


Mln 
Typ' 
Max 
Mln 
Typ' 
Max 


Input voltagr 


VL 
Low 
Vex; = MIN 
-H).8 
+0.8 
V 


Viii 
High 
Vcc= 
MAX 
+2.0 
+2.0 
V 


Vc 
Clamp 
Vex; = MIN, IIN= -18mA 
-0.9 
-1.2 
-0.9 
-1.2 
V 


Output voltage 


Vex; = MIN, V1N= V1Hor V1l 


VOl. 
Low 
IOl = +24mA 
+0.50 
+0.50 
V 


VQH 
High 
IOH=-3.2mA 
+2.4 
+3.5 
+2.4 
+3.5 
V 


Input current 


Vcc= 
MAX 


IL 
low 
V1N= +0.40V 
-20 
-100 
-20 
-100 
~ 


Iiii 
High 
V1N= +2.7V 
+25 
+25 
~ 
I, 
High 
V1N= +5.5V 
+1.0 
+1.0 
mA 


Output current 


Vcc = MAX, V1l = 0.8V, VIH= 2.0V 


IOZH 
Output leakage 
VOUT= +2.7V 
+100 
+100 
~ 


IOZL 
Output leakage 
VOUT= +0.40V 
-250 
-250 
~ 


los 
Short circuit 3 
VOUT= +0.5V 
-25 
~O· 
-90 
-30 
~O 
-90 
mA 


lex; 
Vex; current 
Vcc = MAX, All inputs = GND 
100 
155 
100 
155 
mA 


Capacltance" 


Vcc = +5V 


C'N 
Input 
V1N=2.0V@I=lMHz 
6 
6 
pF 


COUT 
110 
VOUT= 2.0V@I= 
1MHz 
9 
9 
pF 


NOTES: 


1. Typical limits are at Vcc = 5.0V and TA = +25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. 
Not more than one output should be tested at a time. Duration 01 the short circuit should not be more than one second. VOUT= 0.5V has 
been chosen to .,oid-Iest 
problems caused by tester ground degradation. 
4. These parameters are no1100% tested, but are periodically sampled. 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST 
PLHS18P8A 
PLHS18P8B 
UNIT 


CONDITIONS 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


!po 
Propagation delay 
Output± 
Input± 
CL = SOpF 
14 
20 
12 
15 
ns 


leA 
Output enable 
Output- 
Input± 
CL = SOpF 
14 
20 
12 
15 
ns 


IeR 
Output disable 
Output + 
Input± 
CL = 5pF 
14 
20 
12 
15 
ns 


NOTES: 
1. Typical limits are at Vcc = 5.0V and TA = +250C. 
2. tpD is tested with switch S1 closed and CL = 50pF. 
3. 
For 3-State output; output enable times are tested with CL = 50pF to the 1.5V level, and SI is open for high--impedance to High tests and 
closed for high--impedance to Low tests. Output disable times are tested with CL• 5pF. High--to-High impedance tests are made to an output 
voltage of VOH = --Q.5V with S, open, and Low-lo-High 
impedance tests are made to the VOL= +O.5V level with S1 closed. 


VIRGIN STATE 
TIMING DEFINITIONS 


A factory shipped virgin device contains all 
fusible links open, such that: 
1. All outputs are at "H" polarity. 


2. All outputs are enabled. 


3. All ~terms 
are enabled. 


SYMBOL 
PARAMETER 


lpD 
Input to output propagation 
delay. 


ItR 
Input to output disable 
(3-State) delay (Output 
Disable). 


ItA 
Input to Output Enable 
delay (Output Enable). 


WAVEFORM 
INPUTS 
OUTPUTS 


~ 


DON'T 
CARE; 
CHANGING; 


ANY 
CHANGE 
STATE 
PERMITTED 
UNKNOWN 


JJ) <K 


CENTER 
DOES 
NOT 
LINE IS HIGH 
APPLY 
IMPEDANCE 
'·OfT' 
STATE 


Vcc 
~ 


c'y~ 
R, 


io 
By 


R2 
CL 
INPUTS 
10 
OUT 
BW 


BX 
BZ 
GND 
OUTPUTS= 
= 


LOGIC PROGRAMMING 
PLHS18P8A1B logic designs can be generated 
using Signetics' AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean andior state equation entry is 
accepted. 


PLHS18P8A1B logic designs can also be gen- 
erated using the program table format detailed 
on the following 
pages. This program table 
entry 
(PTE) 
format 
is 
supported 
by 
the 
Signetics' AMAZE PLD design software (PTP 
module). AMAZE is available free of charge to 
qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, 
P, etc.) is assigned a symbol. The 
symbols 
for 
TRUE, 
COMPLEMENT, 
IN- 
ACTIVE, PRESET, etc., are defined below. 


MEASUREMENTS: 
AU circuit 
delays 
are measured 
at the 
+ 1.5V 
18Y8I 04 
Inputs 
and 
outputs, 
unleaa 
OIherwi6e 
specified. 


I~ 
I 
ACTIVELEVEL 
I 
HIGH' 
I 
CODE I 


I 
H 
I 


1 


"B 
1I'B 
1 


LB 


1 


LB 
I,B 
LB 
I,B 
LB 
I,B 
LB 
I,B 
I,B 


P,D 
P,D 
P,D 
P,D 


I~ 


NOTE: 
1. This is the initial state of all link pairs. 
2. 
All unused product terms must be programmed with all pairs of fuses in the INACTIVE state (all fuses on an unused p-term must be 
programmed). 


CUSTOMER 
NAME 
AND 
I 
CONTROL 
---------r-------- 
NOTES: 
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1,8(1) ! 
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SIGNETICS 
DEVICE # 
CF (XXXX) 
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3. AMp-terrre 
are active until programmed 
otherwile. 


CUSTOMER 
SYMBOLIZED 
PART # 
OON'TCAR 
- 
I 
OR (FiXeD) 
4. An unused product terms must be programmed 
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(aU fUBes 
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A 
5. Data cannot be entered Into the OR array field due 
I 
to the flKed nature ~ the device arch~ectur8 . 
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Programmable 
Logic Devices 


DESCRIPTION 
The PLC18V8Z35 and PLC18V8Z1 are univer- 
sal PAL-type devices featuring high perform- 
ance and 
virtually 
zero-standby 
power 
for 


power sensitive applications. They are reliable, 
user-configurable substitutes for discrete TIU 
CMOS logic. While compatible with TIL 
and 


HCTlogic, the PLC 18V8Z1can also replace HC 
logic over the Vcc range of 4.5 to 5.5V. 


The PLC18V8Z is a two-level logic element 
comprised of 10 inputs, 74 AND gates (product 
terms) and 8 output Macro cells. 


Each output features an "Output Macro Cell" 
which can be individually confi9ured as a dedi- 
cated input, a combinatorial output, or a regis- 
tered output with internal feedback. As a result, 
the PLC18V8Z is capable of emulating all com- 
mon 2O-pin PAL devices to reduce documenta- 
tion, inventory, and manufacturing costs. 


A power-up reset function and a Register Pre- 
load function have been incorporated 
in the 


PLC18V8Z architecture to facilitate state ma- 
chine design and testing. 


With a standby current of less than IOOllA and 
active power consumption of 1.5mA/MHz, the 
PLC18V8Z is ideally suited for power sensitive 
applications in battery operatedlbacked 
porta- 


ble instnuments and computers. 


The PLC 18V8Z is also processed to industrial 
requirements for operation over an extended 
temperature range of -40"C to +85°C and suI>- 
ply voltage of 4.5V to 5.5V. 


Ordering 
information 
can 
be found 
in the 


Ordering Information table. 


PLC18V8Z35/PLC18V8Z1 
Zero Standby Power 
Universal PAL®-type Devices 


• 2o-pln Universal 
Programmable 
Array 
Logic 


• Virtually 
Zero-Standby-power 


• Functional 
replacement 
for Series 20 
PAL devices 


- 
10L = 24mA 


• High-performance 
CMOS EPROM cell 
technology 
- 
Erasable 
- 
Reconflgurable 
- 
100%testable 


• 35ns Max propagation 
delay (comm) 


• 40ns Max propagation 
delay (Industrial) 


• Up to 18 Inputs and 8 Input/output 
macro cells 


• Programmable 
output 
polarity 


• Power-up 
reset on all registers 


• Register Preload capability 


• Synchronous 
Preset/Asynchronous 
Reset 


• Security 
fuse to prevent duplication 
of 
proprietary 
designs 


• Design support 
provided 
using AMAZE 
software 
development 
package and 
other CAD tools for PLDs 


• Available 
In 300m II-wide DIP with quartz 
window, 
plastic 
DIP (OTP) or PLCC 
(OTP) 


• Battery powered 
Instruments 


• Laptop and pocket computers 


• Industrial 
control 


• Medical Instruments 


• Portable communications 
equipment 
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F7 


F6 


FS 


F. 


F3 


F2 


F, 


Fa 


GND 
loJOE 


A Package 


101 
CLKVcc F7 


, 
19 


I 
Dedicated input 


B 
Bidirectional input/output 


0 
Dedicated output 


D 
Registered output 
(D-type flip-flop) 


F 
Macrocellinput/Output 


CLK 
Clock Input 


OE 
Output Enable 


Vcc 
Supply Voltage 


GND 
Ground 
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NOTES: 
In the unprograrrmed Ofvirgin atate: 


AUcelli ate In a condudive 
atate. 
AI AND gaJ:elocatlona 
are pulled 
10 a logic -(1' (low). 
Output polarly 
10inverting. 


Pins 1 and 11 are oonligured 
as Inputs 0 and 9. respedively, via the configuration 
cell. The clock and 
OE functions are disabled. 
All output 
macro cells (OMe) 
ate configured 
as bidirectional 
va. 
with the outputs 
disabled 
via the 
direction 
term. 


[)enol. 
a programmable 
cell location. 
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PAL DEVICE 
TO PLC18V8Z 
OUTPUT 
PIN CONFIGURATION 


CROSS REFERENCE 


16L8 
16L2 
14L4 
12L6 
10L8 
PIN 
PLC 
16H8 
16R4 
16R6 
16R8 
16H2 
14H4 
12H6 
10H8 
NO. 
18V8Z 
16P8 
16RP4 
16RP6 
16RP8 
16P2 
14P4 
12P6 
10P8 
16P8 


1 
lo/ClK 
I 
ClK 
ClK 
ClK 
I 
I 
I 
I 


19 
F7 
B 
B 
B 
D 
I 
I 
I 
0 


18 
F6 
B 
B 
D 
D 
I 
I 
0 
0 


17 
F5 
B 
D 
D 
D 
I 
0 
0 
0 


16 
F4 
B 
D 
D 
D 
0 
0 
0 
0 


15 
F3 
B 
D 
D 
D 
0 
0 
0 
0 


14 
F2 
B 
D 
D 
D 
I 
0 
0 
0 


13 
F1 
B 
B 
D 
D 
I 
I 
0 
0 


12 
FO 
B 
B 
B 
D 
I 
I 
I 
0 


11 
1,.tOE 
I 
OJ: 
OJ: 
OJ: 
I 
I 
I 
I 


The Signetics 
state-of-the-art 
Floating-Gate 


CMOS 
EPROM 
process 
yields 
bipolar 


equivalent performance at less than one-quar- 
ter the power consumption. The erasable na- 
ture of the EPROM process enables Signetics 
to functionally test the devices prior to shipment 


to 
the 
customer. 
Additionally, 
this 
allows 


Signetics to extensively stress test, as well as 
ensure the threshold voltage of each individual 
EPROM cell. 100% programming yield is sub- 
sequen~y guaranteed. 


r--------- 
I 
I 
I 
I 
I 
I 
I 


FROM 
AND 
ARRAY. 
TO All 0MC0 


-f------, 


: 
I 


: 
I 
I 


FROM { 


AND 


ARRAY 


,, 
Ii 
.. 
L---------+--+-l- 


ttt 
TO All 0MC0 


THE OUTPUT 
MACRO 
CELL 


(OMC) 
The PlC 18V8Z series devices have 8 individu- 
ally programmable Output Macro Cells. The 72 
AND inputs (or product terms) from the pro- 
grammable AND array are connected to the 8 
OMCs in groups of 9. Eight of the AND terms 
are dedicated to logic functions; the ninth is for 
asynchronous 
direction 
control, 
which 


enables/disables 
the respective bidirectional 


I/O pin. Two product terms are dedicated for 
the Synchronous 
Preset and Asynchronous 


Reset functions. 


Each OMC can be independen~y programmed 
via 16 architecture control bits, AC 1nand AC2n 
(one pair per macro cell). Similarly, each OMC 
has a programmable output polarity control bit 
(Xn). By configuring the pair of architecture 
control bits according to the configuration cell 
table, 4 different configurations 
may be im- 


plemented. Note that the configuration cell is 
automatically programmed based on the OMC 
configuration. 


DESIGN SECURITY 


The PlC18VSZ 
series devices have a pro- 


grammable security fuse that controls the ac- 
cess to the data programmed in the device. By 
using this programmable 
feature, proprietary 


designs implemented in the device cannot be 
copied or retrieved. 
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CONFIGURATION 
CELL 
A single configuration cell controls 1I1efunc- 
tions of Pins 1 and 11. Refer to Functional 
Diagram. When 1I1econfiguration cell is pre>- 
grammed, Pin 1 is a dedicated clock and Pin 11 
is dedicated lor output enable. When the con- 
figuration cell is unprogrammed, Pins 1 and 11 
are 00111dedicated inputs. Note that the output 


enable for all registered OMCs is common- 
from Pin 11 only. Output enable control of the 
bidirectional 
110 OMCs is provided from the 
AND array via the direction product term. 


If anyone OMC is configured as registered, the 
configuration cell will be automatically confi- 
gured (via 1I1edesign software) to ensure 1I1at 
the dock and output enable functions are en- 


abled on Pins 1 and 11, respectively. II none of 
the OMCs are registered, 1I1econfiguration cell 
will be programmed such that Pins 1and 11are 
dedicated inputs. The programming codes are 
as follows: 


Pin 1 = CLK, Pin 11 = OJ: 


Pin 1 and Pin 11= Input 


CONTROL CELL CONFIGURATIONS 


FUNCTION 
AC1. 
AC2N 
CONFIG. CELL 
COMMENTS 


Registered mode 
Programmed 
Programmed 
Programmed 
Dedicated clock from Pin 1.OJ: Control 
for all registerd OMCs from Pin 11 only. 


Bidirectional 110 mode 1 
Unprogrammed 
Unprogrammed 
Unprogrammed 
Pins 1 and 11 are dedicated inputs. 
3-State control from AND array only. 


Fixed input mode 
Unprogrammed 
Programmed 
Unprogrammed 
Pins 1 and 11 are dedicated inputs. 


Fixed output mode 
Programmed 
Unprogrammed 
Unprogrammed 
Pins 1 and 11 are dedicated inputs. The 
feedback path (via Fuux) is disabled. 


NOTE: 
3. 
This is 1I1evirgin state as shipped from the factory. 


~F(O)'F(o) 


U 


LKQ 
sp 


A 
OE 


CONFIGURATION CELL 


PIN 1 z eLK 
PIN 11 =OE 


CONAGURATIOH 
CEll 


PIN 1 = INPUT 
PIN 11 = INPUT 


NOTE: 


Po. factory shipped unprogrammed device is configured such that: 
1. This is 1I1einitial unprogrammed state. All cells are in a conductive state. 
2. All AND gates are pulled to a logic "0" (Low). 
3. 
Output polarity is inverting. 
4. 
Pins 1 and 11 are configured as inputs 0 and 9. The dock and OJ: functions are disabled. 
5. All Output Macro Cells (OMCs) are configured as bidirectional 1/0, with the outputs disabled via the direction term. 
6. 
This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically configured 
to ensure 1I1at1l1eclock and output enable functions are enabled on Pins 1 and 11, respectively, if anyone OMC is programmed as registered. 
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DESCRIPTION 
OPERATING CONDITIONS 
ORDER CODE 


2O-Pin Plastic Dualln-Une 
Package 
Commercial 
PLC18V8Z35N 
3OOmU-wide (!Po = 35n s) 
Temperature Range 


2o-Pin Ceramic Dualln-Une 
Package 
± 5% Power Supplies 
PLC18V8Z35FA 
3OOmil-wide with quartz window (tPD= 35ns) 


2o-Pin Plastic Leaded Chip Carrier 
PLC18V8Z35A 
350mil square (!Po = 35ns) 


2o-Pin Plastic Dualln-Une 
Package 
Industrial 
PLC18V8ZIN 
3OOmil-wide (!Po = 4Ons) 
Temperature Range 


2o-Pin Ceramic Dualln-Une 
Package 
± 10% Power Supplies 
PLC18V8ZIFA 
3OOmil-wide with quartz window (tpo = 4Ons) 


2o-Pin Plastic Leaded Chip Carrier 
PLC18V8ZIA 
350mil square (!Po = 40ns) 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
-{).5to 
+7 
Voc 


Vcc 
Operating supply voltage 
4.5 to 5.5 (Industrial) 
Voc 
4.75 to 5.25 (Commercial) 


VIN 
Input voltage 
-{).5to 
Vcc + 0.5 
Voc 


VOUT 
Output voltage 
--{).5 to Vcc + 0.5 
Voc 


IIN 
Input currents 
-10to+10 
mA 


lOUT 
Output currents 
+24 
mA 


TA 
Operating temperature range 
-40 to +85 (Industrial) 
°c 
o to +75 (Commercial) 


TSTG 
Storage temperature range 
~5to+150 
°c 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


NOTE: 
1. Stresses above those listed may cause malfuncion or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


+SV 


FROMOUTPUTiJ' 
(BX,FX) 


UNDERTEST 
TESTPOINT 


R2 = 300 n 
cL' 


MEASUREMENTS, 
All circuit delays are measured at the + 1.5V level of inputs and outputs, unless Olherwile 
specified. 


Input Pulses 
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DC ELECTRICAL 
CHARACTERISTICS 
Commercial = OOCS TAS +750C, 4.75V S Vce S 5.25V; 


Industrial =-40°C 
S TAs +85OC,4.5V S Vce s5.5V 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITION 
Mln 
Typ' 
I 
Max 
UNIT 


Input voltage 


VL 
Low 
I 
Vce = Min 
-{).3 
I 
0.8 
V 


VJi 
High 
Vce = Max 
2.0 
I Vce + 0.3 
V 


Output voltage2 


VOl. 
Low 
Vce = Min, IOL= 20~ 
0.100 
V 


Vce = Min, 101.= 24mA 
0.500 
V 


Voo 
High 
Vce = Min, IOH= -3.2mA 
2.4 
V 


Vce = Min, 100= -20~ 
Vcc-0.1V 
V 


Input current 


Ill. 
Low7 
V,N=GND 
I 
-10 
~ 


IJi 
High 
V,N= Vce 
I 
10 
~ 


Output current 


IO(OFF) 
Hi-Z state 
VOUT=Vce 
10 
~ 


VOUT= GND 
-10 
~ 


los 
Short....<:ircuit3 
VOUT= GND 
-130 
mA 


Ice 
Vce supply current (Standby) 
Vce = Max, V,N = 0 or Vce8 
100 
~ 
lcell 
Vce supply current (Active)' 
Vce = Max (CMOS inputs)S.6 
1.5 
mAlMHz 


Capacitance 


C, 
Input 
Vce = 5V 
12 
pF 
V'N = 2.0V 


CB 
110 
VB = 2.0V 
15 
pF 


NOTES: 


1. All typical values are at Vce = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. 
Duration of short--<:ircuitshould not exceed one second. Test one at a time. 
4. Tested with TIL input levels: V1L= 0.45V, V1H= 2.4V. Measured with all outputs switching. 


5. ~lcefTTL 
input = 2mA. 
6. ~Ice vs frequency (registered ccnfiguration) ~ 2mAlMHz. 


7. 
Ill. for Pin 1 (ldCLK) is ± 10~ 
with V,N = 0.4V. 
8. 
VINincludes CLK and DE if applicable. 


/ 
V 
1/ 
V 


./ 
/ 
/ 
-2 
o 
20 40 60 eo 100 120 140 160 180 200 
OUTPUTCAPACITANCE 
LOAotNG(pF) 


Figure 2, ~tpo VB Output Capacitance 
Loading (Typical) 


, 
'0 


~"'Hz) 


Figure 1. Icc vs Frequency 
(Worst Case) 
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AC ELECTRICAL 
CHARACTERISTICS 
Commercial = OOC5 TA5 +75°C, 4.75V 5 Vcc 5 5.25V; 


Industrial = -4Q°C 5 TAS +85°C, 4.5V 5 Vcc 5 5.5V; R2 = 3900 


TEST CONDITION' 
PLC18V8Z35 
PLC18V8Z1 
(Commercial) 
(Industrial) 


SYMBOL 
PARAMETER 
FROM 
TO 
R, (0) 
CL 
Mln 
Mall 
Mln 
Mall 
UNIT 
(pF) 


Pulse width 


Clocl<period 


lcKP 
(Minimum 
CLK+ 
CLK+ 
200 
50 
47 
57 
ns 
~s + !eKO) 


!eKH 
Clocl<width High 
CLK+ 
CLK- 
200 
50 
20 
25 
ns 


!eKL 
Clocl<width Low 
CLK- 
CLK+ 
200 
50 
20 
25 
ns 


tARW 
Async reset 
I±, 
F± 
I:':, F:': 
35 
40 
ns 
pulse width 


Hold time 


tlH 
Input or feedback 
CLK+ 
Input± 
200 
50 
0 
0 
ns 
data hold time 


Setup time 


tIS 
Input or feedback 
I±. 
F± 
CLK+ 
200 
50 
25 
30 
ns 
data setup time 


Propagation 
delay 


1m 
Delay 'rom input 
I±. 
F± 
F± 
200 
50 
35 
40 
ns 
10active output 


Clocl< High 10 


!eKO 
output valid 
CLK+ 
F± 
200 
50 
22 
27 
ns 
access Time 


Product term 
Active-Hgh 
R = 1.5k 
loe13 
enable 10outputs 
I±, 
F± 
F± 
50 
35 
40 
ns 


off 
Active-Low 
R = 550 


Product term 
From VOHR = 00 
10012 
disable 10outputs 
I±, 
F± 
F± 
5 
35 
40 
ns 


off 
From VOLR = 200 


Pin 11 output 
From VOHR = 00 
loo22 
disable High to 
DE- 
F± 
5 
25 
30 
ns 


outputs off 
From VOLR = 200 


Pin 11 output 
Active-Hgh 
R = 1.5k 
loe23 
enable 10active 
DE + 
F± 
50 
25 
30 
ns 


output 
Active-Low 
R = 550 


tARO 
Async reset delay 
I±, 
F± 
F+ 
35 
40 
ns 


tARR 
Async reset 
I±, 
F± 
CLK+ 
25 
30 
ns 
recovery time 


tspR 
Sync preset 
I±. 
F± 
CLK+ 
25 
30 
ns 
recovery time 


lppR 
Power~p 
reset 
Vcc+ 
F+ 
35 
40 
ns 


Frequency 
of operation 


fMAll 
I Maximum frequency I 
l/(tlS + !eKO) 
I 
200 
50 
I 
21 
18 
MHz 


NOTES: 
1. Reier also 10AC Test Conditions. (Test Load Circuit) 


2. 3--State levels are measured ±o.5V from the active steady-state level. 


3. 
Resistor values of 1.5k and 5500 
provide 3--State levels of 1.0V and 2.0V, respectively. Output timing measurements are 101.5V level. 


POWER-UP 
RESET 
In order to facilitate 
state machine 
design and 


testing, 
a power-up 
reset function 
has been 


incorporated 
in the PLC 1BVBZ. All internal reg- 


isters will reset to activ&-Low 
(logical -0") after 


a specified period of time (lpPR). Therefore, 
any 


OMC that has been configured 
as a registered 
output will always 
produce 
an activ&-High 
on 
the associated 
output 
pin because 
of the in- 
verted output buffer. The internal feedback (0) 


of a registered 
OMC will also be set Low. The 


programmed 
polarity of OMC will not affect the 


activ&-High 
output 
condition 
during 
a system 
power-up 
condition. 


INPUTS 
110, REG. 


FEEDBACK 


ANYINPUT 
PROGRAMMEDFOR 
DIRECTIONCONTROL 


vcc 
ov 


F 
vOlt 


(OUTPUTS) 
vOL 


I,B 
+3V 


(INPUTS) 


ov 


+3V 
elK 
ov 
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REGISTER 
PRELOAD 
FUNCTION 
(DIAGNOSTIC 
MODE ONLY) 


In order 
to 
facilitate 
the 
testing 
of 
state 
machinelcontroUerdesigns, 
a diagnostic mode 


register preload feature has been incorporated 
into the PLClavaz series device. This feature 
enables the user to load the registers with pr&- 


determined 
states while a super voltage is 
applied to Pins 11 and 6 (I~ 
and 15),(See 
diagram for timing and sequence.) 


To read the data out, Pins 11and 6 must be re- 
turned to normal TILlevels. 
Theoutputs, Fo- 7, 
must be enabled in order to read data out. The 


a outputs of the registers will reflect data in as 
input via Fo _ 7 during preload. Subsequendy, 
the register a output via the feedback path will 
reflect the data in as input via Fo_7. 


Refer to the voltage waveform for timing and 
voltage references. lpl = 10J.l.Sec. 


LOGIC PROGRAMMING 
The PLC 1aVaZ can be programmed by means 
of Logic Programming equipment. 


With Logicprogramming,the 
AND/ORlEx-oR 


gate input connections 
necessary 
to impl&- 


ment the desired logic function are coded di- 
recdy from logic equations using the Program 
Table. Similarly, various OMC configurations 
are implemented by programming the Archi- 
tecture Control bits AC 1 and AC2. Note that 
the configuration 
cell is automatically 
pro- 


grammed based on the OMC configuration. 


In this table, the logic state of variables I, P and 
B associated with each Sum Term S is as- 
signed a symbol which results in the proper 
fusing pallem of corresponding link pairs, d&- 
fined as follows: 


I 
-----r-----"" 
I 
~ 


s~ 
s-x-=p~D--t>o--' 
O,B 


I 
ACTIVE 
lEVEL 
I 
CODE 
I 
I 
INVERTING 
1 
l 
I 
ACTIVE 
LEVEL 
I 
CODE 
I 


NO~NVERTING 
H 


1~B 1~B 
1 


I'B 
1~B 
~B 
~B 
~B 
~B 


~ 11 
~ 11 
~ 11 
~ 11 


p 
p 
p 
p 


NOTE: 
1. A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 
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ERASURE 
CHARACTERISTICS 


(For Quartz Window 
Packages 
Only) 
The erasure characteristics of the PLC 18V8l 
Series devices are such that erasure begins to 
occur upon exposure to light with wavelengths 
shorter than approximately 
4000 Angstroms 


(J.). It should be noted that sunlight and certain 
types of fluorescent lighting could erase a typi- 
cal PLC 18V8l 
in approximately 
three years, 


while it would take approximately one week to 
cause erasure when exposed to direct sunlight. 


If the PLC 18V8l 
is to be exposed to these 


types of lighting conditions for extended peri- 
ods of time, opaque labels should be placed 
over the window to prevent unintentional era- 
sure. 


The recommended erasure procedure for the 
PLC18V8l is exposure to shortwave ultraviolet 
light which has a wavelength 
of 2537 Ang- 


stroms (J.). The integrated dose (Le., UV inten- 


sity x exposure time) for erasure should be a 
minimum of 15Wseclcm2. The erasure time 
with this dosage is approximately 
30 to 35 


minutes 
using 
an 
ultraviolet 
lamp 
with 
a 


12,oo0i1W/cm2 
power 
rating. 
The 
device 


should be placed within one inch of the lamp 
tubes during erasure. The maximu m integrated 
dose a CMOS EPLD can be exposed to without 
damage is 7258Wseclcm2). Exposure of these 
CMOS EPLDs to high intensity UV light for 
longerperiods may cause permanent damage. 


The maximum number of guaranteed erase! 
write cydes is SO. Data retention exceeds 20 
years. 


PROGRAMMING 
The PLC 18V8l3511 is programmable on conventional programmers for 2o-pin PALdevices. Refer to the following charts for qualified manufacturers 
of programmers and software tools: 


PROGRAMMER 
MANUFACTURER 
PROGRAMMER MODEL 
FAMILY/PINOUT CODES 


System 29B, LogicPak™ 


DATA VO CORPORATION 
303A-{)11A; V09 (DIL) 
10525 WILLOWS ROAD, N.E. 
303A-{)11B; V04 (PLCC) 


P.O. BOX 97046 
86/4F 
REDMOND, WASHINGTON 98073-9746 
UNISITE 40148 
V2.5 (DIL) 


(800)247--5700 
Chipsite (PLCC)- 
TBA 


MODEL 60 
TBA 


STAG MICROSYSTEMS, 
INC. 
lL3O/30A PROGRAMMER 
1600 WYATI DRIVE 
REV. 30A34 (DIL) 
SUITE 3 
3OAOOlAdaptor (PLCC) 
121205 
SANTA CLARA, CALIFORNIA 95054 
PPl 
PROGRAMMER 


(408)988-1118 
TBA 


SOFTWARE MANUFACTURER 
DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 
811 EAST ARQUES AVENUE 
AMAZE SOFTWARE 
P.O. BOX 3409 
REV. 1.8 AND LATER 
SUNNYVALE, CALIFORNIA 94088--3409 


(408)991-2000 


DATA I/O 
10525 WILLOWS ROAD, N.E. 
ABEL TMSOFTWARE 
P.O. BOX 97046 
REDMOND, WASHINGTON 98073-9746 


(800)247--5700 


LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 
CUPLTM SOFTWARE 
FORT LAUDERDALE, FLORIDA 33309 


(800)331-7766 


xxxx 
i:C 
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AXED 
DATA CANNOT BE ENTERED 
INTO THE OR ARRAY RHO 
DUE TO THE AXED NATURE 
OF THE DEVICE ARCHTEC. 
TURE. 


IJ4RECTlON CONTROL 
D 


ACTlVE OUTPUT 
A 


NOT USED 
V 


• 
THE 
CONAGURATION 
CEU 
IS AUTOMAnCAUY 
PROGRAMMED 
BASED 
ON 
THE 
OMC 
ARCHITECTURE. 


"FOR 
SP, AR: 
"-" 
IS NOT 
ALLOWED, 
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0 
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H 
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I 
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DESCRIPTION 
The 
1OH20EVS/10020EVS is an ultra 


high-speed universal ECl PAl®-type de- 
vice. Combining versatile output macro- 
cells with a standard 
AND/OR single 


programmable array, this device is ideal in 
implementing a user's custom logic. The 
use of Signetics state-of-the-art bipolar 
oxide 
isolation 
process 
enables 
the 


1OH20EVS/10020EVS to achieve opti- 
mum speed in any design. The AMAZE 
design software package from Signetics 
simplifies 
design 
entry 
based 
upon 


Boolean or state equations. 


The 1OH20EVS/10020EVS is a two-level 
logic element comprised of 11fixed inputs, 
an input pin that can either be used as a 
clock or 12th input, 90 AND gates, and S 
Output logic 
Macrocells. Each Output 


Macrocell can be individually configured 
as a dedicated input, dedicated output 
with polarity control, a bidirectional I/O, or 
as a registered output that has both output 
polarity control and feedback to the AND 
array. This gives the part the capability of 
having up to 20 inputs and eight outputs. 


The 1OH20EVS/10020EVS has a variable 
numberof product terms that can be OR'd 
per output. Four of the outputs have 12 
AND terms available and the other four 
have S terms per output. This allows the 
designer the extra flexibility to implement 
those functions that he couldn't in a stan- 
dard PAL device. Asynchronous Preset 
and Reset product terms are also included 
for system design ease. Each output has 
a separate output enable product term. 
Another feature added for the system 
designer is a power-up Reset on all regis- 
tered outputs. 


1OH20EV8/1 0020EV8 
Eel 
Programmable Array logic 


The 10H20EVSI10020EVS also features 
the ability to Preload the registers to any 
desired state during testing. The Preload 
is not affected by the pattern within the 
device, so can be performed at any step in 
the testing sequence. This permits full 
logical verification even after the device 
has been patterned. 


FEATURES 


• Ultra high speed ECL device 
- tpD = 4.5ns {max} 


- tiS= 2.5ns {max} 
- tCKO = 2ns {max} 
- fMAX = 222MHz 


• Universal ECL Programmable 
Array 
Logic 
- 8 usar programmable 
output 
macrocells 
- Up to 20 Inputs and 8 outputs 
- Individual 
usar programmable 
output polarity 


• Variable product term distribution 
allows Increasad design capability 


• Asynchronous 
Preset and Reset 
capability 


• 10KH and lOOK options 


• Power-up Reset and Preload 
function to enhance state machine 
design and testing 


• Design support provided via 
AMAZE and other CAD tools 


• security 
fuse for preventing 
design 
duplication 


• Available In 24-Pln 300m II-wide DIP 
and 28-Pin PLCC. 
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1. 
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or virgin 
"AND" 
gate locatlone 
are pulled 
to logic 
"0" 
2. 
Programmable connection. 


3. Pinout for F Package 


FUNCTIONAL 
DESCRIPTION 


The 10H20EVB/10020EVB 
is an ultra high- 
speed universal ECl 
PAL-type device. Com- 
bining 
versatile 
Output 
Macrocells 
with 
a 


standard AN D/OR single programmable array, 
this device is ideal in implementing 
a user's 
custom logic. 


As can be seen in the logic 
Diagram, the de- 


vice is a two-level logic element with a program- 
mabie AN D array. The 20EVB can have up to 
20 inputs and Boutputs. Each output has a ver- 
satile Macrocell whereby the output can either 
be configured as a dedicated input, a dedicated 
combinatorial output with polarity control, a bi- 
directional I/O, or as a registered output that 
has both output polarity control and feedback 
into the AND array. 


The device also features 90 productterms. Two 
of the product terms can be used for a global 
asynchronous preset and/or reset. Eight of the 
product terms can be used for individual output 
enable control of each Macrocell. The other BO 
product terms are distributed among the out- 
puts. Four of the outputs have eight product 
terms, while the other four have 12. This ar- 
rangement allows the utmost in flexibility when 
implementing user patterns. 


Output 
Logic Macrocell 


The 1OH20EVBll 0020EVB incorporates 
an 


extremely 
versatile Output logic 
Macrocell 


that allows the user complete flexibility when 
configuring outputs. 


As seen in Figure 1,the 10H20EVBll0020EVB 
Output logic 
Macrocell consists of an edge- 


triggered 
D-type flip-flop, 
an output select 


MUX, and a feedback select MUX. Fuses So 
and $, allow the user to select between the 
various cells. $, controls whether the output 
will be either registered with internal feedback 
or combinatorial I/O. Socontrols the polarity of 
the output (Active-HIGH or Active-lOW). 
This 


allows 
the 
user 
to 
achieve 
the 
following 
configurations: 
Registered Active-HIGH 
out- 


put, Registered Active-lOW 
output, Combina- 


torial Active-HIGH output, and Combinatorial 
Active-lOW 
output. With the output enable 


product term, this list can be extended by add- 
ing the configurations of a Combinatorial I/O 
with Polarity or another input. 


DESCRIPTION 
ORDER 
CODE 


10H20EVs-6F 


24-Pin Ceramic Dual I~Une 
10H20EV8-4F 


(300mil-wide) 
10020EVs-6F 
10020EV8-4F 


10H20EVs-6A 


28-Pin Plastic Leaded Chip Carrier 
10H20EV8-4A 
10020EVs-6A 
10020EV8-4A 


SYMBOL 
PARAMETER 
RATING 
UNIT 


VEE 
Supply voltage (Vcc = 0) 
~ 
Voc 


VIN 
Input voltage (Vcc = 0) 
o to VEE 
Voc 


10 
Output source current 
40 
mAoc 


TA 
Operating Temperature range 
o to +75 (10KH) 
°C 
o to +85 (100K) 


TSTG 
Storage Temperature range 
-.55 to +150 
°C 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


RATINGS 


DEVICE 
SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


10H20EV8 
VEE 
Supply voltage 
-5.46 
-4.94 
Voc 


TA 
Operating free-air temperature 
0 
+75 
°C 


10020EV8 
VEE 
Supply voltage 
-4.8 
-4.2 
Voc 


TA 
Operating free-air temperature 
0 
+85 
°C 


OUTPUT 
MACRO 
CELL 


CONFIGURATION 
Shown in Figure 2 are the four possible configu- 
rations of the output macrocell using fuses So 
and S,. As seen, the output can either be regis- 
tered 
Acti\l9-HIGH/LOW 
with 
feedback 
or 
combinatorial 
Active-HIGH/LOW 
with feed- 


back. If the registered mode is chosen, the 
feedback is from the aoutput to the AND array 
enables one to make state machines or shift 
registers without having to tie the output to one 
of the inputs. If a combinatorial output is cho- 
sen, the feedback gate is enabled from the pin 
and allows one to create permanent outputs, 
permanent inputs, or I/O pins through the use 
of the output enable (D) product term. 


OUTPUT 
ENABLE 
Each output on the 1OH20EV8/10020EV8 has 
its own individual product term for output en- 
able. The use of the D product term (direction 
control) allows the user three possible configu- 
rations of the outputs. They are always en- 
abled, always disabled, and controlled 
by a 


programmedpattem. 
A HIGH on the D term en- 
ables the output, while a LOW performs the dis- 
able function. Output enable control can be 
achieved by programming a pattern on the D 
term. 


The output enable control can also be used to 
expand a designer's possibilities once a combi- 
natorial output has been chosen. If the D term 
is always HIGH, the pin becomes a permanent 
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Active-HIGH/LOW 
output. 
If the D term is 
always LOW (all fuses left intact), the pin now 
becomes an extra input. 


PRESET 
AND RESET 
The 10H20EV8/1 0020EV8 also includes a sep- 
arate product term for asynchronous 
Preset 
and asynchronous Reset. These lines are com- 
mon for all registers and are asserted when the 
specific 
product 
term 
goes 
HIGH. 
Being 
asynchronous, 
they are independent 
of the 
clock. It should be noted that the actual state of 
the output is dependent on how the polarity of 
the particular output has been chosen. If the 
outputs are a mix of Active-HIGH 
and Active- 


LOW, a Preset signal will force the Active- 
HIGH outputs 
HIGH while the Active-LOW 
outputs would go LOW, even though the a out- 
put of all flip-flops would go HIGH. A Reset sig- 
nal would force the opposite conditions. 


PRELOAD 
To simplify testing, the 10H20EV8/10020EV8 
has also included 
PRELOAD circuitry. This 
allows a user to load any particular data desired 
into 
the 
registers 
regardless 
of 
the 
pro- 
grammed 
pattem. 
This 
means 
that 
the 
PRELOAD can be done on a blank part and 
after that same part has been programmed to 
facilitate any post-fuse testing desired. 


It can also be used by a designer to help debug 
hislher circuit. This could be important if a state 
machine was implemented in the 10H20EV8I 
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10020EV8. 
The 
PRELOAD 
would 
allow 
a 


designer to enter any state in the sequence 
desired and start docking from that particular 
point. Any or all transitions could be verified. 


AMAZE 
The AMAZE PLD Design Software develop- 
ment system also supports the 10H20EV8I 
10020EV8. AMAZE provides the following ca- 
pabilities for the 10H20EV8Il0020EV8: 


• State equation entry 


• Boolean equation entry 


• Logic and timing simulation 


• Automatic test vector generation 


AMAZE operates on an IBM PC/XT, PC/AT, 
Ps/2, or any compatible system with DOS 2.0 
or higher. The minimum system configuration 
for AMAZE is 640K bytes of RAM and a hard 
disk. 


AMAZE compiles the design after completion 
for syntax and completeness. 
Programming 


data is generated in JEDEC formal. 


DESIGN SECURITY 
The 
10H20EV8/10020EV8 
has a program- 


mable security fuse that controls the access to 
the data programmed in the device. By using 
this programmable feature, proprietary designs 
implemented in the device cannot be copied or 
retrieved. 


DC ELECTRICAL 
CHARACTERISTICS 
10H20EV8: 0"C S TAS +75°C, VEE= -<J.2V± 5%, Vex;= Vea, = VCQ2= GND 
l002OEV8: 
O"C S TAs +85°C, -4.8V S VEES -4.2V, Vex; = Vea, = VC02= GND 


LIMITS 


SYMBOL 
PARAMETER' 
TEST CONDITIONS' 
TA 
Mln 
Max 
UNITS 


Voo 
High 1e\l91output voltage 
V1N= VIHMax. or VIL Min. 
O"C 
-1020 
-840 
10KH 
+25°C 
-980 
-810 
mV 
+75°C 
-920 
-735 


lOOK 
OOC1085"C 
-1025 
-880 
mV 


VOHT 
High level output threshold voltage 
VIN= VIH Max. or V1LMin. 
lOOK 
O"C 1085°C 
-1035 
mV 


VOL 
Low level output voltage 
V1N= V1HMax. or V1LMin. 
O"C 
-1950 
-1630 


10KH 
+25°C 
-1950 
-1630 
mV 
+75°C 
-1950 
-1600 


lOOK 
OOC1085°C 
-1810 
-1620 
mV 


VOLT 
High level output threshold voltage 
V1N= V1HMax. or V1LMin. 
lOOK 
OOCto 85°C 
-1610 
mV 


VH 
High 19\191input voltage 
Guaranteed input voltage 
O"C 
-1170 
-840 


high for all inputs 
10KH 
+25°C 
-1130 
-810 
mV 
+75°C 
-1070 
-735 


lOOK 
OOCto 85°C 
-1165 
-880 
mV 


VL 
Low level input voltage 
Guaranteed input voltage 
O"C 
-1950 
-1480 


low for all inputs 
10KH 
+25°C 
-1950 
-1480 
mV 
+75°C 
-1980 
-1450 


lOOK 
OOCto 85°C 
-1810 
-1475 
mV 


IIH 
High 1e\l91input current 
V1N= VIHMax. 
10KH 
O"C 


+75OC 
220 
~ 


lOOK 
OOCto 85°C 


Ill. 
Low level input current 
V1N= V1LMin. 
O"C 


Except I/O Pins 
10KH 
+75°C 
0.3 
~ 


lOOK 
OOCto 85°C 
0.5 


lEE 
Supply current 
VEE= Max. 
10KH 
OOCto 75°C 


All inputs and outputs open 
-230 
mA 


lOOK 
OOCto 85°C 


NOTES: 
1. All voltage measurements are referenced to the ground terminal. 
2. 
Each ECL 1OKH/l OOKseries device has been designed to meet the DC specification after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 (150 meters) linear !pm is maintained. 


Voltage levels will shift approximately 4mV with an air flow of 200 linear !pm. Outputs are terminated through a soil resistor to -2V. 
3. Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be termi- 


nated to -2V. If tied to VEE,it must be through a resistor> 
10K. 


IQ.1JIF 


10J1F '=' 


25J1FJ 


NOTES: 


1. Use decoupling capacitors of 0.1l!F and 2Sl!F from GNO to Vcc, and 0.01l!F and 2Sl!F from GNO to VEE(0.01 and 0.1l!F capacitors 


should be NPO Ceramic or MLC lyp,e). Oecoupling capacitors should be placed as close as physically possible to the OUT and lead 
length should be kept to less than I.inch (6mm). 


2. All unused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required. 
3. 
All unused outputs are loaded with SOn to GNO. 


4. 
L, and L2 are equal length SOn impedance lines. L3, the distance from the OUT pin to the junction of the cable from the Pulse Gener- 
ator and the cable to the Scope, should not exceed 'I.inch (6mm). 


S. RT = son 
terminator intemal to Scope. 


6. 
The unmatched wire stub between coaxial cable and pins under test must be less than 'I.inch (6mm) long for proper test. 


7. CL = Fixture and stray capacitance" 
3pF. 


8. Any unterminated stubs connected anywhere along the transmission line between the Pulse Generator and the OUT or between the 


OUT and the Scope should not exceed 'I.inch (6mm) in length (refer to section on AC setup procedure). 
9. All SOn resistors should have tolerance of ± 1% or belter. 
10.Test procedures are shown for only one input or set of input conditions. Other inputs are tested in the same manner. 


11.Two l0l!F 
capacitors between Vcc and VC01 and V= 
respectively located as close to the device as possible is recommended to 
reduce ringing. 


12. Normal practice in test fixtures layout should be followed. Lead lengths, particular to the power supply, should be as short as possible. 


VOLTAGE 
WAVEFORMS 
~- 
~"~ 


+111OrnV (10H20EV8) 
.1050mV 
(10020EV8) 


NEGATIVE 
PULSE 


+31OmV 


tw(l) 
Bf~~ 


'will) _1 


+111DrnV 
(10H20EV8) 
+,osomv 
(10020EV8) 


POSITIVE 
PULSE 


+31OtnV 


F•••••ly 


lOKH Eel 


AC ELECTRICAL 
CHARACTERISTICS 
10H20EV8: OOC$TA$ +75"C, VEE= -5.2V ±5%, 
Vcc = VCOI = VC02 = GND 


10020EV8: 
OOC,,;TA"; +85"C, -4.8V,,; 
VEE$ -4.2V, Vcc = VCOI = VC02 = GND 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST 
-4 
-6 
UNIT 
CONDITIONS' 


Mln 
Max 
Mln 
Max 


Pulse Width 


leKH 
Clock High 
CLK+ 
CLK- 
2 
3 
ns 


leKL 
Clock Low 
CLK- 
CLK+ 
2 
3 
ns 


leI<? 
Clock Period 
CLK+ 
CLK+ 
4 
6 
ns 


tpRH 
PreseVReset Pulse 
(I,I/O)± 
(I,IIO)± 
4.5 
6 
ns 


Setup and Hold 11me 


tIS 
Input 
(I,I/O)± 
CLK+ 
2.5 
4 
ns 


tlH 
Input 
CLK+ 
(I,I/O)± 
0 
0 
ns 


tPRS 
Clock Resume 
(I,I/O)± 
CLK+ 
4.5 
6 
aller PreseVReset 
ns 


Propagation Delay 


tpo 
Input 
(I,I/O)± 
I/O± 
4.5 
6 
ns 


leKO 
Clock 
CLK + 
I/O± 
2 
3 
ns 


toE 
Output Enable 
(I,I/O)± 
110 
4.5 
6 
ns 


laD 
Output Disable 
(I,I/O)± 
110 
4.5 
6 
ns 


tPRO 
PreseVReset 
(1,I/Oh 
I/O± 
4.5 
6 
ns 


tpPR 
Power-<>n Reset 
VEE 
1/0 
10 
ns 


I/O 
(REGISTERED 
OUTPUT) 


(CO_~= 
t_PD 
*_... 
_ 


REGISTERED 
ACnVE4.OW 
OUTPUT 


-:)-- 


REGISTER 
PRELOAD 


The 10H20EV8Il0020EV8 
has included cir- 
cuitry that allows a user to load data into the oU1- 
put registers. Register PRELOAD can be done 
atany time and is not dependent on any particu- 
lar pattern programmed into the device. This 
simplifies the ability to fully verify logic states 
and sequences even after the device has been 
patterned. 


The pin levels and sequence necessary to per- 
form the register PRELOAD are shown below. 


APPLY 
EXTERNAL 
INPUTS 
TO BE 
PRELOADED 


DATA 
PRELOADED 
AND 
PRELOAD 
DISABLED 


UMITS 


SYMBOL 
PARAMETER 
Min. 
Typ. 
MBX 
UNIT 


VJj 
Input HIGH level during 
-1.1 
-<l.9 
-<l.7 
V 
PRELOAD and Verify 


Vil. 
Input LOW level during 
-1.85 
-1.65 
-1.45 
V 
PRELOAD and Verify 


Vpp 
PRELOAD enable voltage 
1.45 
1.6 
1.75 
V 
applied to 111 


NOTE: 
1. Unused inputs should be handled as follows: 


- Set 
at VIH or VIL 


- Terminated to -2V 
- Toedto VEE through a resistor> 
10K 


-Open 


LOGIC PROGRAMMING 
10H20EV8Il0020EV8 
logic designs can be 


generated using Signelics' 
AMAZE PLD de- 


sign software or one of several other commer- 
cially available, JEDEC standard PLD design 
software 
packages. 
Boolean 
and/or 
staIB 


equation entry is accepted. 


10H20EV8/10020EV8 logic designs can also 
be generated using the program table entry for- 
mat detailed on the following pages. This pro- 
gram table entry format is supported by the 
Signelics' AMAZE PLD design software (PTP 
module). AMAZE is available free of charge to 
qualified users. 


To implement the desired logic functions, the 
staIB of each logic variable from logic equations 
(I, F,a, etc.) is assigned a symbol. The symbols 
for TRUE, COMPLEMENT, INACTIVE, PRE- 
SET, etc., are defined below. 


- . . 
-4"" -4'" -4'" -4"" 


~F,Q 
~F,Q 
~F,Q 
~F,Q 
I,F,Q 
I,F,Q 
I,F,Q 
I,F,Q 


P, D,AP, AR 
P, 0, AP, AR 
P, 0, AP,AR 
P, D,Ap, 
AR 


I 


STATE 
IC~EI 


I 


STATE 
I C~DE 
I 
I 


STATE 
Ic~1 
I 


STATE 
IC~EI 
INACTIve1,2 
I,F,Q 
1F,Q 
DON'T CARE 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is nonnally associated with all unused (inactive) AND gates. 
2. Any gate (P, D, AP, AR) will be unconditionally inhibited if anyone of the I, F or a link pairs is left intact. 


OUTPUT MACROCELL 
CONFIGURATION 
CONTROL WORD 
POLARITY FUSE 
FUSE 


Regis1BredOutput, Active-HIGH 
D 
H 


Registared Output, Active-LOW 
D' 
L' 


CombinatorialI/O, 
Active-HIGH 
B 
H 


CombinatorialI/O, 
Acitve-lOW 
B 
L 


r 
CONTROL 
WORD 
POlA 
AIrY 
I 
I 
I 


r 
AND 
ORIA 
XED' 


E 
I 
AO 


R 
II 
12 11 ,.• 
8 
7 
8 
5 • 
3 
2 
1 
8 
7 
8 
5 • 
3 
2 
1 
8 
7 
8 
5 • 
3 
2 
1 


PIN 
3 
2322 
18 
15 
14 
13 
11 ,.• 
2 
1 
21 
20 
l' 
17 8 
7 
5 • 


~w 
111:1~~ 
::! 
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Status 
IProduct Specification 


Programmable Logic Devices 


FEATURES 


• Ultra high-speed 


- tPD = 7.5ns and fMAX = 74MHz for 


the PLUS2oR8-7 series 


- tpD = lons and fMAX = 60 MHz for 


the PLUS2oR8D series 


• 100% functionally 
and pin-for-pin 


compatible 
with Industry standard 


24-pln PAL ICs 


• Power-up reset function to enhance 


state machine design and 
testability 


• Design support provided via 


AMAZE and other CAD tools for 
series 24 PAL devices 


• Field-programmable 
on Industry 


standard programmera 


• Security fuse 


• Individual 
3-State control of all 


outputs 


DESCRIPTION 
The Signetics PLUS20XX family consists 
of ultra high-speed 7.5ns and lons ver- 
sions of Series 24 PAL devices. 


The PLUS20XX family is 100%functional 
and pin-compatible with the 20L8, 20R8, 
20R6, and 20R4 Series devices. 


The sum of products (AND-QR) architec- 
ture is comprised of 64 AND gates and 8 
fixed OR gates. Mu~iple bidirectional pins 
provide variable inpuVoutputpin ratios. In- 
dividual3-State control of all outputs and 
registers with feedback (R8, R6, R4) is 
also provided. Proprietary designs can be 
protected by programming the security 
fuse. 


The PLUS20R8, R6, and R4 have D-type 
flip-flops 
which 
are 
loaded 
on 
the 
Low-to-High transition of the clock input. 


In order to facilitate state machine design 
andtesting, a power-up reset function has 
been incorporated into these devices to 
reset all internal registers to active-Low 
after a specific period of time. 


The Signetics State-of-the-Art oxide isola- 
tion 
Bipolar 
fabrication 
process 
is 


employed to achieve high-performance 
operation. 


The PLUS20XX family of devices are field 
programmable, 
enabling 
the 
user to 


quickly generate custom patterns using 
standard programming equipment. See 
the 
programmer 
chart 
for 
qualified 


programmers. 


The 
AMAZE 
software 
package 
from 


Signetics supports easy design entry for 
the PLUS20XX series as well as other 
PLD 
devices 
from 
Signetics. 
The 


PLUS20XX series are also supported by 
other standard CAD tools for PAL-type 
devices. 


Order codes are listed in the Ordering 
Information table. 


DEVICE NUMBER 
DEDICATED 
COMBINATORIAL 
REGISTERED 


INPUTS 
OUTPUTS 
OUTPUTS 


PLUS20L8 
14 
8(6 VOl 
0 


PLUS20R8 
12 
0 
8 


PLUS20R6 
12 
2110 
6 


PLUS20R4 
12 
4110 
4 


Philips Components 
' 


PHILIPS 


PAL®-Type Devices 
20L8,20R8,20R6,20R4 


Vee 
Vee 
'" 
." 
0, 
0, 


B. 
o. 


Ils 
Os 


B. 
O. 


\; 
8:l 
03 


B, 
0, 


B, 
0, 


00 
00 
'" 
"0 
'" 
OE 


SYMBOl 
I 
o 
a 
B 
ClK 
aE 
Vcc 


GND 
NC 


DESCRIPTION 
llodlcalod 
Input 


llodlcalod 
c:orri>lnalorlal 
Output 


Reg I••• 
red 
0U1pUI 


Bidirectional 
(lnpUIIoutpUI) 


C_lnput 


OU1pUlEn_ 


Supply 
Voltage 


Ground 
No Connoc1lon 


PLUS20R8·7 


I, 
ID 
CLK 
He 
Ycc 
111 0, 
. , 
2 
1 ,. 
27 ,. 


1,5 
0, 


'.. 
0, 


',7 
0, 


Ne 
• 
Ne 


I, • 


" 
a 
0, 


1711 


,~0, 


SYMBOL 
I 
o 
a 
B 
ClK 
DE 


VCC 
GND 
NC 


DESCRIPTION 


Dedicared 
Input 


Dedical:ed 
COlTblnaloriaJ 
OU1plJt 


Registered 
output 


BldwOdlonal 
(inputioutput) 


Clock 
Input 


Output 
Enable 


Supply 
Voltage 


Ground 


No Connedlon 


PAL®-Type Devices 
20L8,20R8,20R6,20R4 


PIN CONFIGURATIONS 


PLUS20R6·7 


ClK 
ClK 


10 
I11 
10 
I, 
87 
I, 


I. 
Q. 
I. 


I, 
Q, 
I, 


I. 
Q. 
I. 
I, 
Q, 
I, 


I. 
Q. 
I. 


17 
Q 
17 
, 


I. 
80 
I. 


I. 
1'0 
I. 


GND 
DE 
GND 


SYMBOL 
I 
o 
Q 
B 
ClK 
OE 
Vcc 
GND 
NC 


PLUS20R4·7 


" 


10 
eLK 
He 
Vcc 
111 
B, 
. , 
2 , 
21 
27 
21 


0, 
" 
S 
I/O 
B, 
I/O 
0, 
" 
I 
REG 
0, 


0, 
" 
7 
AND/OR 
REG 
0, 


ARRAY 
OUTPUTS 
He 
NC 
I 
NC 


0, 
" 
I 
REG 


0, 
" 
REG 
0, 


',11 
I/O 
0, 


12 
13 
14 
15 
11 
17 
11 


" 
I, 
GND He Oi '. B, 


CD1S(93S 


SYMBOL 
DESCRIPTION 


I 
Dodicaled 
1""", 
0 
Dedicaled 
CO<Tt>in"orlaJ Output 
Q 
Regil""ed 
output 


B 
Ili<lWOdionai 
(InputIou1put) 
ClK 
Clock 
Input 


DE 
OulputEnablB 


VCC 
Supply Volt. 


GND 
Ground 


NC 
No Connection 


. , 
2 
1 
21 
27 
21 
, 
V 
I/O 
~ 


REG 
I 
REG 


7 
ANOIDA 
REG 


ARRAY 
OUTl'UT1l 
l- 
I 
• 
REG 
2 
I 
REG 
REG 
111 
I/O 


12 
13 
14 
15 
11 
,. 


DESCRlPTlOH 
DBdk:atBd 
Input 


DBdk:atBd 
cootllnatorial 
Output 


Registored 
output 


Bldlrec:1lonal 
(lnpuVoutpu1) 


Clock 
Input 


Output 
En_ 


Supply 
VoIage 


Ground 
No Connection 


" 
...•e 


V>:Ea:~ 
•... 
I, 
U 
::l00a:"- 


I, 


1 
•.. 


o 
I ~ 3 
45'7 
"'011 
121314151.11111' 
20212223:1425212721213031 
:1.233)1)5)1:1731)1 
I 
2 
~ 
-----§l 
,-.- 
J 
~~- 
f= 
~~= 
22 
1~= 
~ 
=i 
>S- 
f- 


~ 
~ 
,,- 
j 
1 
~~- 
,:= 
..- 
•... 
21 
""" 
• 
" 
1 
".." 
~ 
20 
..::" 
5 


"" 
H 
J 
.." 
19 
.. 
•... 
".." 
• 
~ 
b 
1 
"" 
18 
".... 
":J 
" 
7 
.. 
h 
1 
...." 
17 
" 
•... 
" 
=i 
54" 
8 


st- 


J 


S2- 
:= 
1. 
to- 
t>- 
~= 
0-;;c 


t4- 
1 
M- 
ot- 
tT- 
15 
~= 
~ 


•... 
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NOTES: 
1 All unprogrammed or VIrgin "AND" 
gate locations are pulled to logiC "0" 
2 
Programmable connections 
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NOTES: 
1 All unprogrammed or Vlrgm ..AND" gate locations are pulled to logiC "0·' 
2 
Programmable connections 
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NOTES: 
1. All unprogrammed or Vlrgm "AND" 
gate locations are pulled to logiC "0" 


2. 
Programmable connectIons 
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NOTES: 
1. All unprogrammed or Vlrgm "AND" 
gate locatlons 
are pulled to logiC "0" 


2 
Programmable 
connectIons 


FUNCTIONAL 
DESCRIPTIONS 


The PLUS20XX 
series 
utilizes 
the familiar 
sum-of-products 
implementation consisting of 
a programmable AND array and a 
fixed OR 


array. These dellices are capable of replacing 
an equivalent 
of four or more SSI/MSI inte- 


grated circuits to reduce package count and 
board area occupancy, consequen~y improv- 
ing reliability and design cycle over Standard 
Cell or gate array options. By programming the 
security fuse, proprietary designs can be prl>- 
tectad from duplication. 


The PLUS20XX series consists of four PAL- 
type devices. 
Depending 
on the particular 
device type, there are a variable number of 
combinatorial and registered outputs available 
to the designer. The PLUS20L8 is a combina- 
torial part with 8 userconfigurableoutputs 
(6 bi- 
directional), 
while 
the other 
three 
devices, 
PLUS20R8, 
PLUS20R6, 
PLUS20R4, 
have 
respectively 8, 6, and 4 output registers. 


3-State 
Outputs 


The PLUS20XX 
series devices also feature 


3-State output buffers on each output pinwh ich 
can be programmed for indillidual control of all 
outputs. The registered outputs (an) are con- 
trolled by an extemal input (IOE), and the com- 
binatorial outputs (On, Bn) use a product term 
to control the enable function. 


Programmable 
Bidirectional 
Pins 
The 
PLUS20XX 
products 
feature 
variable 
Input/Output ratios. In addition to 12 dedicated 
inputs, each combinatorial 
output pin of the 
registered 
devices 
can be indillidually 
pro- 
grammedas an input or output. The PLUS20LS 
prollides 14 dedicated inputs and 6 Bidirection- 
al va lines that can be individually configured 
as inputs or outputs. 


Output 
Registers 
The PLUS20RS has 8 output registers, the 
20R6 has 6, and the 2OR4 has 4. Each output 
register is aD-type 
flilHlop which is loaded on 
the Low-to-High 
transition of the clock input. 


These output registers are capable of feeding 
the outputs of the registers back into the array 
to facilitate design of synchronous state ma- 
chines. 


Power-up 
Reset 
By resetting all flip-flops to a logic Low, as the 
power is turned on,the PLUS20R8, R6, R4 en- 
hance state machine design and initialization 
capability. 


Software 
Support 
Like other Programmable Logic Dellices from 
Signetics, the PLUS20XX series are suppor1ed 


by AMAZE, the PG--based software develop- 
ment tool from Signetics. The PLUS20XX fam- 
ily of dellices are also supported by standard 
CAD tools for PALdevices, including ABEL and 
CUPL. 


AMAZE is available free of charge to qualified 
users. 


Logic Programming 
Logic designs for PLUS20XX series can be 
generated 
using any commercially 
available 


JEDEC standard design software that supports 
the 24-pin PAL devices. No JEDEC fuse map 
conversion or translation is necessary when 
transferring designs from slower 24-pin 
PAL 


devices. 


To implement the desired logic functions, each 
logic 
variable 
from 
the 
logic 
equations 
is 


assigned a symbol. True (High), Complement 
(Low), Don't Care and Inactive symbols are 
defined below. 


4" 4" 4" 4" 


I,B 
__ 
~B 
ii 
~B 
I,B 


I,B 
ii 
I,i 


P,D 
p,D 
P,D 
P,D 


I 


STATE 
I C~E 
I 
I 


STATE 
I C~DE I 
I 


STATE 
I C~E 
I 
I 


STATE 
I C~DE I 
INACTlVE1,2 
I,B 
I.B 
DON'TCARE 


VIRGIN 
STATE 
A factory shipped llirgin dellice contains all fus- 
ible links intact, such that: 
1. All outputs are at "H" polarity. 


2. All Pnterms are disabled. 


3. All Pnterms are active on all outputs. 


PAL®-Type Devices 
20L8,20R8,20R6,20R4 


DESCRIPTION 
ORDER CODE 


PLUS20RSDN 
PLUS20R6DN 
PLUS20R4DN 


24-Pin Plastic Dual-In-Une 
PLUS201.8DN 


300mil-wide 
PLUS20R8-7N 
PLUS20R&-7N 
PLUS20R4-7N 
PLUS20l..8-7N 


PLUS20R8DA 
PLUS20R6DA 
PLUS20R4DA 


28-Pin Plastic Leaded Chip Carrier 
PLUS201.8DA 


(PLCC) 
PLUS20R8-7A 
PLUS20R&-7A 
PLUS20R4-7A 
PLUS20l..8-7 A 


NOTE: 
The PLUS20XX series of devices are also processed to military requirements for operation over 
the military temperature range. For specifications and ordering information, consult the Signetics 
Military Data Book. 


RATINGS 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Vex; 
Supply voltage 
--{).5 
+7 
Vrx; 


VN 
Input voltage 
--{).5 
+5.5 
Vrx; 


VOUT 
Output voltage 
+5.5 
Vrx; 


IN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TSTG 
Storage temperature range 
~5 
+150 
°c 


NOTE: 
1. .Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vex; 
Supply voltage 
+4.75 
+5.25 
Vrx; 


TA 
Operating free-air temperature 
0 
+75 
°c 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 


75°C 
ambient to junction 


PAL®-Type Devices 
20L8,20R8,20R6,20R4 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Mln 
Typ' 
Max 
UNIT 


Input voltage2 


VIL 
Low 
Vcc = Min 
0.8 
V 


VIH 
High 
Vcc = Max 
2.0 
V 


Vc 
Clamp 
Vcc = Min,IIN =-18mA 
-{l.8 
-1.5 
V 


Output voltage 


Vcc = Min, VIN= VIHor VIL 


VOL 
Low 
IOL= 24mA 
0.5 
V 


VOH 
High 
100= --3.2 mA 
2.4 
V 


Input current 


Vcc = Max 


IlL 
Low'! 
VIN = O.40V 
-250 
l!A 


IIH 
High3 
VIN = 2.7'1 
25 
l!A 


II 
Maximum input current 
VIN= Vcc = VCClJ,/oJ/, 
100 
l!A 


Output current 


Vcc = Max 


10ZH 
Output leakage 
Vour = 2.7V 
100 
l!A 


1021.. 
Output leakage 
Vour =0.4V 
-100 
l!A 


los 
Short circuit'. 5 
Vour=OV 
--30 
-90 
mA 


Ice 
Vcc supply current 
Vcc= 
Max 
150 
210 
mA 


Capacltance& 


CIN 
Input 
Vce =5V 


Vour =2.OV 
8 
pF 


CB 
110(8) 
Vour= 
2V. f = lMHz 
8 
pF 


NOTES: 


1. All typical values are at Vcc = 5V, TA = +25°C. 
2. All voltage values are with respect to networ1<ground tenninal. 
3. 
Leakage current for bicirectional pins is the worst case of IlLand IOZLor IIHand 10ZH. 


4. Test one at a time. 
5. 
Duration of short circuit should not exceed 1 second. 


6. 
These parameters are not 100% tested but periodically sampled. 


PAL®-Type Devices 
20L8,20R8,20R6,20R4 


LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
-7 
0 
UNIT 


Mln' 
Max 
Mln' 
Max 


Pulse Width 


!eKH 
Clock High 
CK+ 
CK- 
5 
7 
ns 


!eKl 
Clock Low 
CK- 
CK+ 
5 
7 
ns 


!eKP 
Period 
CK+ 
CK+ 
10 
14 
ns 


Setup & Hold time 


~s 
Input 
Input or 
CK+ 
7 
9 
ns 
feedback 


tlH 
Input 
CK+ 
Input or 
0 
0 
ns 
feedback 


Propagation 
delay 


!eKO 
Clock 
CK± 
a± 
3 
6.5 
3 
7.5 
ns 


!eKF 
Clock' 
CK± 
0 
3 
7 
ns 


\Po 
Output (20L8, R6, R4)2 
I, B 
Output 
7.5 
10 
ns 


'oE1 
Output enable4 
OE 
Output enable 
3 
8 
3 
10 
ns 


'oE2 
Output enable4,5 
I 
Output enable 
3 
10 
3 
10 
ns 


'001 
Output disable4 
OE 
Output disable 
3 
8 
3 
10 
ns 


'002 
Output disable',5 
I 
Output disable 
3 
10 
3 
10 
ns 


lsKW 
Output 
Q 
Q 
1 
1 
ns 


\PPR 
Power-Up 
Reset 
Vcc+ 
Q+ 
10 
10 
ns 


Frequency 
(20R8, R6, R4) 


No feedback 1/ (!eKl + !eKH)6 
100 
71.4 
MHz 


fMAX 
Internal feedback 1/ (tiS + !eKF)6 
100 
62.5 
MHz 


External feedback 1/ (tIS+ !eKO)6 
74 
60.6 
MHz 


• 
For definitions of the terms, please refer to the Timing/Frequency Definitions tables, 
NOTES: 
1. CL = OpFwhile measuring minimum output delays. 
2. 
\po test conditions: CL = SOpF(with jig and scope capacitance), VIH= 3V, Vil = OV,VOH= VOl = 1.5V. 
3. 
!eKFwas calculated from measured Internal fMAX. 
4. 
In reference to 3-State outputs, output enable times are tested with CL = SOpFto the 2.0V or 0.8V level. Output disable times are tested with 
CL = 5pF. High to High--impedence tests are made to an output voltage of VT = VarO.5V: 
Low to High--impedence tests are made to the 
VT = VOl+0.5V Iewl. 
5, 
Same function as 'oEl and '001, with the difference of using product term control. 


6. 
Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency. 


PAL®-Type Devices 
20L8,20R8,20R6,20R4 


Io~ 


I 
I 
I 
I 
I 
In o--l--- 
JTI 


+5V 
INCLUDES 
SCOPE 


AND JIG 


~~;~ 


-------------- 
3V 


CK 
I 
OV 


On 


(REGISTERED 
OUTPUT) 
_ 
~"5V 


3V 


OV 
£~~ 
3V 
UV 


OV 


On., 


(REGISTERED 
OUTPUT) ------------ 


~ 
I. 
~KF 
·1 


PAL®-Type Devices 
20L8,20R8,20R6,20R4 


i 


-----------------------+3v 


(INPU~:1 
••••5_V 
ov 


-----tpo 
" 


o.B 


(COMBINATORIAL 


OUTPUTS) 


~ 


too2 


-------+3V 


••••• 
_' 
:UV 


I,B 


(OUTPUT 
ENABLE) 
_ 


Q 


(REGISTERED 
OUTPUTS) 


vcc 


ov 


VOL 


+3V 


ov 


+3V 


1.5V 


ov 


SYMBOL 
PARAMETER 


'eKH 
Width of input clock pulse. 


'eKL 
Interval between clock pulses. 


'eKP 
Clock period. 


Required 
delay between 
ba- 


tiS 
ginning of valid input and posi- 
tive transition of clock. 


Required delay between posi- 
tlH 
tive transition of clock and end 
of valid input data. 


Delay between positive trans- 


'eKF 
ition of clock and when intemal 
a output of flip-flop 
becomes 


valid. 


Delay between positive trans- 


'eKO 
ition of clock and when outputs 
become valid (with OE Low). 


Delay between 
beginning 
of 


toEl 
Output Enable Low and when 
outputs become valid. 


Delay 
between 
beginning 
of 


1001 
Output Enable High and when 
outputs are in the Off-State. 


Delay 
between 
predefined 


toE2 
Output Enable High, and when 
combinational outputs become 
valid. 


Delay 
between 
predefined 


loo2 
Output Enable Low and when 
combinational 
outputs 
are in 


the Off-State. 


Delay between Vcc (after pow- 


tpPR 
er-on) and when flip-flop out- 
puts become preset at "I" (in- 
temal Q outputs at "0"). 


Propagation 
delay 
between 
tpD 
combinational inputs and out- 
puts. 


No feedback: 
Determined by 
the minimum clock period, 
1/('eKL + !eKH). 
Internal 
feedback: 
Deter- 
mined by the 
intemal 
delay 


from flip-flop 
outputs through 
the internal feedback and array 
to the flip-flop 
inputs, 1/(tls + 
!eKF)· 
External 
feedback: 
Deter- 


mined 
by 
cIock-lo-<>utput 


delay 
and 
input 
setup time, 


1/(tls + !eKO)· 


NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. 
Input rise and fall times are 2.50s. 


PAL®-Type Devices 
20L8,20R8,20R6,20R4 


PROGRAMMING 


The PLUS20XX Series are programmable on conventional programmers for 24;lin 
PAL® devices. Reier to the following charts for qualified 


manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER 
PROGRAMMER MODEL 
FAMILY/PINOUT CODES 


DATA 110CORPORATION 
SYSTEM 29B, LogicPak T>I 303A-V04 


10525 WILLOWS ROAD, N.E. 
2OL8-7120L8D : 1B/26 


P.O. BOX 97046 
ADAPTER 
303A~llA-V08 
(DIP) 
2OR8-7/20R8D: 
lB/27 


REDMOND, WASHINGTON 98073--9746 
303A~llB-V04 
(PLCC) 
2OR6--7/20R6D : 1B/27 
UNISITE 40148, V2.3 (DIP) 
2OR4-7/20R4D: 
lB!27 


(800)247.-¢700 
V2.5(PLCC) 
MODEL GO,GOAlH,V.13 


STAG MICROSYSTEMS, 
INC. 
ZL30I3OA PROGRAMMER 
2OL8-7/20L8D 
: 11/56 
1600 WYATT DRIVE 
SUITE 3 
REV. 3OA31 
2OR8-7/2OR8D : 11/57 


SANTA CLARA, CALIFORNIA 95054 
2OR6-7/2OR6D: 
11/57 
PPZ PROGRAMMER 
2OR4-7/2OR4D: 
11/57 


(408)988-1118 
TBA 


SOFTWARE MANUFACTURER 
DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 
811 EAST ARQUES AVENUE 
P.O. BOX 3409 
AMAZE SOFTWARE 


SUNNYVALE, CALIFORNIA 94088-3409 
REV. 1.7 


(408)991-2000 


DATA I/O 
10525 WILLOWS ROAD, N.E. 
P.O. BOX 97046 
ABEL T>I SOFTWARE 


REDMOND, WASHINGTON 98073--9746 
REV. 1.0 AND LATER 


(800)247.-¢700 


LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 
FORT LAUDERDALE, 
FLORIDA 33309 
CUPL T>I SOFTWARE 


(800)331-7766 
REV. 1.01 AND LATER 


Document No. 


ECN No. 


Date of Issue 
November 1989 


Status 
Preliminary Spec~ication 


Programmable Logic Devices 


DESCRIPTION 
The 
PHD48N22-7 
is 
an 
u~ra 
fast 


Programmable High-speed Decoder fea- 
turing 
a 7.5ns 
maximum 
propagation 


delay. The arch~ecture has been opti- 
mized 
using 
Philips 
Components- 


Signetics state-of-the-art 
bipolar oxide 


isolation process coupled w~h t~anium- 
tungsten fuses to achieve superior speed 
in any design. 


The PHD48N22-7 
is a two level logic 


element comprised of 36 fixed inputs, 
73 AND gates, 10 outputs. and 12 bi- 
directionalllOs. This gives the device the 
abil~y to have as many as 48 inputs. In- 
dividual 3-State control of all outputs is 
also provided. 


The device is field-programmable, 
en- 


abling the userto quickly generate custom 
patterns 
using standard 
programming 


equipment. Proprietary designs can be 
protected by programming the secur~y 
fuse. 


The 
AMAZE 
software 
package 
from 


Philips Components-Signetics 
supports 


easy design entryforthe PHD48N22-7 as 
well as other PLD devices. 


Order codes are listed in the pages 
following. 


PHD48N22-7 
Programmable 
High-Speed 
Decoder Logic (48 x 73 x 22) 


FEATURES 


• Ideal for high speed system 
decoding 


• Super high speed at 7.5ns tpo 


• 36 dedicated Inputs 
.22 outputs 


- 12 bidirectional 
110 
- 10 dedicated outputs 


• security 
fuse to prevent duplication 
of proprietary 
designs. 


• Individual 3-State control of all 
outputs 


• Fleld-programmable 
on Industry 
standard programmers 


• Available In 68-Pln Plastic Leaded 
Chip Carrier (PLCC) 


APPLICATIONS 


• High speed memory decoders 


• High speed code detectors 


• Random logic 


• Peripheral selectors 


• Machine state decoders 


Pin 
Function 
Pin 
Function 


1 
10 
35 
129 


2 
11 
36 
130 


3 
12 
37 
131 


4 
VCC3 
38 
vCC4 


5 
13 
39 
132 


6 
14 
40 
133 


7 
15 
41 
134 


6 
16 
42 
135 


9 
17 
43 
80 


10 
18 
44 
81 


11 
19 
45 
82 


12 
1'0 
46 
83 


13 
1" 
47 
84 


14 
GN05 
48 
GND6 


15 
GN01 
49 
GND2 


16 
112 
50 
85 


17 
113 
51 
86 


16 
114 
52 
87 


'9 
115 
53 
00 


20 
116 
54 
01 


21 
VCC2 
55 
VCC1 


22 
117 
56 
D2 


23 
116 
57 
D3 


24 
119 
56 
04 


25 
120 
59 
05 


26 
121 
60 
D6 


27 
122 
61 
07 


28 
123 
62 
08 


29 
124 
63 
09 


30 
125 
64 
ORO 


3' 
126 
65 
OR' 


32 
GND3 
66 
GND4 


33 
127 
67 
OR2 


34 
126 
68 
OR3 


PhilipsComponents 
. 


PHILIPS 
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NOTES: 
1. All unprogrammed 
or virgin "ANO" glltelocationa 
are pulled to logic "0" 
2. 
Pro '••..mable connection. 


Programmable 
High-Speed 


Decoder Logic (48 x 73 x 22) 


ORDERING 
INFORMATION 


DESCRIPTION 


58-Pin Plastic Leaded Chip Carrier 


ORDER CODE 


PHD48N22-7A 


RATINGS 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


V~ 
Supply \/Oitage 
-0.5 
+7 
Voc 


VIN 
Input voltage 
-0.5 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
~5 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


RATINGS 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Va; 
Supply \/Oltage 
+4.75 
+5.25 
Voc 


TA 
Operating free-air temperature 
0 
+75 
OC 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


Programmable 
High-Speed 
Decoder Logic (48 x 73 x 22) 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Mln 
Typ' 
Max 
UNIT 


Input Yoltagr 


VL 
Low 
Vcc= 
MIN 
0.8 
V 


VIH 
High 
Vcc='MX 
2.0 
V 


Vr:; 
Clamp 
Vce = MIN, IIN= -18mA 
-{l.8 
-1.5 
V 


Output Yoltage 


Vcc = MIN, V1N= V1Hor VIL 


VOL 
Low 
IOL= +24mA 
0.5 
V 


Voo 
High 
IOH=-3.2mA 
2.4 
V 


Input current 


Vce= 
MAX 


IlL 
Low 
V1N= +O.40V 
-20 
-250 
J.IA 


IIH 
High 
VIN= +2.7V 
25 
J.IA 


II 
High 
V1N= Vcc = Vce MAX 
100 
J.IA 


Output current 


Vce= 
MAX 


IOZH 
Output leakage 3 
VOUT= +2.7V 
100 
J.IA 


lOll 
Output leakage 3 
VOUT= +O.40V 
-100 
J.IA 


los 
Short circuit 4 
VOUT= +OV 
-30 
~ 
-90 
mA 


Ice 
Vce current 
Vce= MAX 
420 
mA 


CapacitanceS 


Vcc = +5V 


CIN 
Input 
VIN= 2.0V@I= 
1MHz 
8 
pF 


COUT 
I/O 
VOUT= 2.0V @ I = 1MHz 
8 
pF 


NOTES: 


1. Typical limits are at Vce = 5.0V and TA = +25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. 
Leakage current lor bidirectional pins is the worst case 01 IlLand lOll or IIHand lOll. 
4. 
Not more than one output should be tested at a time. Duration 01 the short circuit should not be more than one second. 
5. 
These parameters are not 100% tested, but are periodically sampled. 


Programmable 
High-Speed 
Decoder Logic (48 x 73 x 22) 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITIONS 
Mln 
Max 
UNIT 


tpo,' 
Propagation delay 
(I, B,OR)± 
Output± 
CL = SOpF 
7.5 
ns 
through BIO outputs 


!PD2' 
Propagation delay 
(I, B,OR)± 
Output± 
CL = SOpF 
10 
ns 
through OR outputs 


toE2 
Output Enable 
(I, B,OR)± 
Output enable 
CL = SOpF 
10 
ns 


t002 
Output Disable 
(I, B,OR)± 
Output disable 
CL = SpF 
10 
ns 


NOTES: 
1. tpo" 2 are tested with switch S, dosed and CL = SOpF. 
2. 
For 3-State output; output enable times are tested with CL = SOpFto the 1.SV level, and S, is open for high-impedance 
to High tests and 
closed for high-impedance 
to Low tests. Output disable times are tested with CL = SpF. High-to-High 
impedance tests are made to an out- 
put voltage of VT = VQH- O.SVwith S, open, and Low-to-High 
impedance tests are made to the VT = VOL+ O.SVlevel with S, closed. 


VIRGIN STATE 
TIMING DEFINITIONS 


A factory shipped virgin device contains all 
fusible links open, such that: 
1. All outputs are disabled. 


2. All J>-terms are disabled in the AND array. 


SYMBOL 
PARAMETER 


!Po, 
Input to output propagation 
delay (through 810 outputs). 


!po2 
Input to output propagation 
delay (through OR outputs). 


too 
Input to Output Disable 
(3-State) delay (Output 
Disable). 


toE 
Input 10Output Enable delay 
(Output Enable). 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEFORM 
INPUTS 
OUTPUTS 


MUST 
BE 
wtLJ..BE 
~ 


DON'T 
CARE; 
CHANGING; 


STEADY 
STEADY 
ANY 
CHANGE 
STATE 
PERMITTED 
UNKNOWN 


JJ) «{ 


CENTER 
DOES 
NOT 
UNEISHIGH 


APPlY 
IMPEDANCE 
"OFF"'STATE 


Programmable 
High-Speed 


Decoder Logic (48 x 73 x 22) 


LOGIC PROGRAMMING 
PHD48N22-7Iogic 
designs can be generated 


using 
any 
commercially 
available, 
JEDEC 


standard design software. 


PHD48N22-7 
designs can also be generated 
using the program table format, detailed on the 
following page. This program table entry (PTE) 
format is supported on the Signetics AMAZE 
PLD design software. AMAZE is available free 
of charge to qualified users. 


MEASUREMENTS: 
All circuit 
delays 
ale 
measured 
at the 
+ 1.5V 
level 
of 


l,..,uts 
and outputs. 
unl96S 
otherwise 
specified. 


Input Pulses 


To implement the desired logic functions, each 
logic variable (I, S, P and D) from the logic 
equations is assigned a symbol. TRUE (High), 
COMPLEMENT 
(Low), 
DON'T 
CARE 
and 


INACTIVE symbols are defined below. 


1 


I'B 
I,B 
r,B 


P,D 1 


1'B 
~B 
lB 


P,D 
1~B 11'B 


I,B 
I,B 
~B 
~B 


P,D 
P,D 


I 


STATE 
~ 


COMPLEMENT 
c=::I::::J 
STATE 
t==9 
DON'TCARE 
- 


Programmable 
High-Speed 


Decoder Logic (48 x 73 x 22) 


T 
INPUTS 


E 
I 
B 
OR 
A 
II 
35'" 
3332 
31 
30 
21128 
71 
26 
25:0123 
21 
20 
11 
" 
17 
" 
1 
14 
1 
1 
11 
10 
8 
7 
6 
5 
4 
3 
2 
1 
0 
7 
6 
5 
4 
3 
2 
1 • 
3 
2 
1 • 
•1 
2 
3 
4 
5 
6 
7 
8 
8,. 


11 
12 
13 
14 
15 
" 
17 
18 
18 
20 
21 


22 
23 
:01 
2S,. 


71 


28 
211 
30 
31 
32 
33 


'"35 
36 
'SI 
38 
38 
40 
•• 
42 
43 


44 
45 
46 
47 
48 
48 
5(1 


51 
52 
53 
$4 


56 
56 
S1 
58 
58 
•• 
61 
e2 
CI 
" 
65 
16 
67 
18 
18 
11l 
71 
n 
~N 
42 
41 
4. 
3Jl 
37 
36 
35'" 
33 
31 
30 
211 28 
71 
2. 
25 
24 
23 
22 
20 
19 
18 
17 
16 
13 
12 
11 10 a 
8 
7 • 
5 
3 
2 
1 
52 
51 
5(1 47 
•• 
45 
4443 
6867 
65" 


'jw;~ 
~ 


Programmable 
High-Speed 


Decoder Logic (48 x 73 x 22) 


T 
OUTPUTS 


E 
0 
B 
OR 
RII 
I 
I 
7 , 
4 
I. 
1 
7 , 5 
4 
3 
2 
1 
0 
2 
1 


0 
1 
2 
3 
4 
5, 


7 
I 
I 
10 
11 
12 
13 
14 
15 
" 
17 
18 
18 
20 
21 


22 
23 
:II 
25 
21 
27 
:a 
:a 
30 
31 


32 
33 
34 
35 
31 
37 
31 
31 
40 
41 
42 
•• 
44 
45 
•• 
47•• 
50 
51 
52 
53 
54 


55 
51 
57 
58 
58 
10 
61 
42 
•• 
84 
&5 
&5 
Q 


68 
68 
70 
71 


72 
PlN 
63 
62 
61 
605858 
54 
53 
52 
51 
50 
47 
46 
•• 
44 
•• 
68 
67 
&584 


~wil~ 


r----------------------, 
I OP110NAL 
I 
I 
C=E 
I 
I 
SRAM 
I 
I 
" 
v 
I 
! 
{> 
II 
_ 
CACHE 
I 


PHD48N22=- I 
CONTROL 
I 
~ 7 
I 
I 
~ 
I 
I 
CACHE 
I 


I 
II 
_~ 
__ :: __ J 


Programmable 
High-Speed 
Decoder Logic (48 x 73 x 22) 


U CLOCK 
r-GEHERATOR 


I 
ADDRESS 
•.. 


80388 
CPU 


r 


" 
DATA 
L 


INTRN 


LS 
DRAM 
. 
DRAM 
v 
CONTROL 
v 


A 
~ 
110INTERFACE 
MUL11BUSI/O 


"- 
, 


LOCAL 
ADVANCED 
BUS 
DlIA 
CONTROL 


I 
II 
II 
I 
II 
II 
II 
~ ~, 
~ > 
J 
,,I. ~> {~ 
{l {~ {l 
J ~ 
{l {~ {l 


11MER! II 
FLOPPY I 
AXED 
II 
LAN 
SERIAL 
GRAPHICS 
EPROM I 
COUNTER 
CO~:OL 
CO~OL 
CONTROL 
PORTS 
COPROCESSOR 
ir 
EXT£RNAL 
INTERRUPTS 
~_~1.11 
LAN CABLE 
KEYBOARD 
MOUSE 


CRT 
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20 
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Series 
24 


PLS173 


PLUS173B/D 


PLUS173-10 


PLHS473 


PLHS473S 


Series 
28 


PLS100/101 


Programmable 
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127 
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(18 x 42 x 10); 15/12ns 
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174 
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Programmable Logic Devices 


DESCRIPTION 
The PLS153 and PLS153A are two-level 
logic elements, consisting of 42 AND 
gates and 10 OR gates with fusible link 
connections for programming I/O polarity 
and direction. 


All AND gates are linked to 8 inputs (I) and 
10 bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 10 
direction control gates (D), ranging from 
18 inputs to 10 ou1puts. 


On-chip T/C buffers couple either True 
(I, B) or Complement (1,B) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Their 
output polarity, in turn, is individually pro- 
grammable through a set of Ex-0R gates 
for implementing AND/OR or ANDINOR 
logic functions. 


The PLS153 and PLS153A are field- 
programmable, 
enabling 
the 
user 
to 


quickly generate custom patterns using 
standard programming equipment. 


Order codes are listed in the Ordering 
Information Table. 


(18 X 42 X 10) 


FEATURES 


• Field-Programmable 
(NI-Cr links) 


.8 
Inputs 


• 42 AND gates 


.10 
OR gates 


.10 
bidirectional 
VO lines 


• Actlve-Hlgh 
or -Low outputs 


• 42 product terms: 
- 32 logic terms 
- 10 control terms 


• VO propagation 
delay: 


- PLS153: 40ns (max) 
- PLS153A: 30ns (max) 


• Input loading: -100~ 
(max) 


• Power dissipation: 
650mA (typ) 


• 3-State outputs 


• TTL compatible 


APPLICATIONS 


• Random logic 


• Code converters 


• Fault detectors 


• Function generators 


• Address mapping 


• MUltiplexing 


PIN CONFIGURATIONS 


N Package 


Vcc 


Do 


B8 


B7 


IIfi 


BS 


B.c 


B3 


B:! 


GND 


N •• Plastic 


A Package 


B8 


B7 


IIfi 


BS 


B4 


BoGNDB, 
B:! 
~ 


A •• Plastic leaded Chip Carrier 


TYPICAL 
PRODUCT 
TERM: 


Pn.A·B·C·D· 
••. 


TYPICAL 
LOGIC 
FUNCTION: 


AT OUTPUT 
POLARITY. 
H 


Z=PO+P1+P2 
••• 


AT OUTPUT 
POLARITY. 
L 


Z,.Pb+P1+P2 
+ •.. 


z.l'lJ·!'f·!'2· ... 


NOTES: 
1. 
For each of the 10 outputs. 
either function 
Z (Active- 


High) 
or Z (Activ&-low) 
is available. 
but not both. 


The desired 
output poIar~ is progratml8d 
via the 


Ex-OR gat9l. 
2. 
Z. A. B. C. etc. are user defined 
connections 
to fixed 


Input. 
(I) and bidirectOnaJ 
pin. 
(B). 


Philips Components 


PHILIPS 


, 


2 


3 


4 
• 


a 


7 


a 


110 


8, 


B2 
D- 


B3 
-- 


84 
Q-- 


8. 
b-- 


iii; 
<>-- 


87 
ll--- 


Ba 
D- 


Ba 


01~ 
So 
O. 8 D7Da °504 03 D2 
~ 
x. 
So 
~ 
;:::: 


Xs 
57 
~ 
;:::: 


X7 
17 


50 
;::: 


x. 
,. 


5. 
~ 
x. 
5. 
~ 
;:::: 


Xs 
53 
~ 
;::: 


X3 
13 
So 
:= 


X2 
5, 
~ 
;:::: 
X, 
s;, 
~ 
;:::: 


31 ••••• 
_2423_ 
••••• 
1615_ 
••••• 
8 
7 •••••• 
oleo 
....!. 


NOTES, 
1. AI programmed 
'AND' gate kx:alions are pulled to Iogic-'". 
2. AI 
progral'1'YTlBd 
'OR' 
gale 
Iocallons 
are 
pulled 
to logic "0". 


3. 
Programmable conned:ion. 


DESCRIPTION 
ORDER CODE 


2D-Pin Plastic Dualln-Line, 
300mil-wide 
PLSl53N,PLS153AN 


2D-Pin Plastic Leaded Chip Carrier 
PLS153A, PLS153AA 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


RATINGS 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


Vt/ 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
~5 
+150 
°C 


The PLS153/A devices are also processed to 
military requirements 
for operation over the 


military temperature range. For specifications 
and ordering information consult the Signetics 
Military Data Handbook. 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


milTS 


SYIIBOL 
PARAIIETER 
TEST CONDITIONS 
IIln 
Typ' 
Max 
UNIT 


Input volt. 


VL 
Low 
Vce= Min 
0.8 
V 


V~ 
High 
Vcc=Max 
2.0 
V 


Vr;; 
CIamp2·3 
Vce = Min,IIN =-l2mA 
~.8 
-1.2 
V 


OUtput voltage 


Vce = Min 


Vex. 
Low2·4 
lex.= 15mA 
0.5 
V 


VOH 
High2-5 
IoH =-2mA 
2.4 
V 


Input current' 


Vcc = Max 


IL 
Low 
VIN=0.45V 
-100 
l!A 


I~ 
High 
VIN= 5.5V 
40 
l!A 


OUtput current 


Vcc = Max 


IO(OFF) 
Hi--Z state8 
VOUT= 5.5V 
80 
l!A 


VOUT= 0.45V 
-140 


los 
Short circuit!· 5, 8 
VOUT=OV 
-15 
-70 
mA 


Ice 
Vce supply current7 
Vcc= 
Max 
130 
155 
mA 


ClIpacitance 


Vce =5V 


C1N 
Input 
V1N= 2.0V 
8 
pF 


CB 
IiO 
VB = 2.0V 
15 
pF 


NOTES: 
1. All typical values are at Vcc = 5V, TA = +250C. 
2. All voltage values are with respeclto 
network ground terminal. 
3. 
Test one at a time. 


4. 
Measured with +10V applied to 17. 
5. 
Measured with +10V applied to 10-7.Output sink current is supplied through a resistor to Vce. 


6. 
Duration of shoo circuit should not exceed 1 second. 
7. 
Ice is measured with 10,I, at OV, 12- 17and 8<Hl at4.5V. 


8. 
Leakage values are a combination of input and output leakage. 
9. 
IL and IIHlimits are for dedicated inputs only (10- 17). 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST 
PLSl53 
PLS153A 
UNIT 


CONDITION 
Mln 
Typ' 
Max 
Mln 
Typ' 
Max 


/Po 
Propagation delay 
Input± 
Output± 
CL =3OpF 
30 
40 
20 
30 
ns 


toe 
Output enable 
Input± 
Output- 
CL =3OpF 
25 
35 
20 
30 
ns 


too 
Output cisable2 
Input± 
Output + 
CL = SpF 
25 
35 
20 
30 
ns 


NOTES: 
1. All typical values are at Vcc = 5V, TA = +25OC. 
2. 
Measured at VT = Va. 
+ O.5V. 


+$V 
JTI 


NCLUDES 
SCOPE 
ANOJIG 
R, 
CAPAQTANCE 


~'=' J 


CL 


MEASUREIoIENlS, 
AI c1rwlt 
delays 
ate meuured 
aI the +1.5V level 
~ 
1!'1Xrt1 and outputs, 
unleu 
alherwlae 
apedfied. 


SYMBOL 
PARAMETER 


!po 
Propagation delay between 
input and output. 


too 
Delay between input change 
and when output is off (Hi-Z 
or High). 


toe 
Delay between input change 
and when output reflects 
specified output level. 


LOGIC PROGRAMMING 
PLSl53/A 
logic designs 
can be generated 
using Signetics AMAZE PLO design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean aneVor state equation entry is 
accepted. 


PLS 153/A logic designs can also be generated 
using the program table entry format detailed 
on the following page. This program table entry 
format is supported by the Signetics AMAZE 
PLD design software (PTP module). AMAZE is 
available free of charge to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, P,etc.) is assigned a symbol. Thesym- 
boIs for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. 
1 


~B 


~B 
~B 


P,D 


PnSTATUS 
~ 


ACTIVE' 
~ 


'-r-' 


~B1~BI'B1 


1'B I'B1 


1'B 
~B 
~B 
~B 


P,D 
P,D 
P,D 
ffi 
I s~:I~ 
I OO:~:~~RE~ 


NOTES: 
1. This is the initial unprogrammed stale of all links. 
2. Any gate Pnwill be unconcitioanlly inhibited ifboth the True and Complement of an input (either 
I or B) are left inlacl 


VIRGIN 
STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at ow polarity. 


2. All Pnterms are disabled. 


3. All Pnterms are active on all outputs. 


CAUTION: 
PLS153A 
TEST 
COLUMNS 
The PLS153A incorporates two columns not 
shown in the logic block ciagram. These col- 
umns are used for in-house testing of the de- 
vice 
in 
the 
unprogrammed 
state. 
These 
columns must be cisabled prior to using the 
PLS 153A in your application. If you are using a 
Signetics-approved programmer, the disabling 
is accomplished 
during the device program- 


ming sequence. If these columns are not dis- 
abled, abnormal operation is possible. 


Furthermore, because of these test columns, 
the PLS 153A cannot be programmed using the 
programmer algorithm for the PLS153. 


AND 
, 
OR 
CUSTOMER NAME 
- - - - - - - - - _. - - - - -.- - - - - - - - - - - - - _. 
NOTES 


, 
I ACllVE IA I 8(0) 
tn the unprognrTmltd 
.tate: 


PURCHASE ORDER M 
INACllVE 
, 
• 
All AND g••••• 
re pulled to • logic "0" (Low). 
0 
, 
IINACllVE I 0 I 
SIGNETICS DEVICE M 
CF(XXXX) 
, 
o 0u1pul polotlty •• _ng, 
I,B 
H 


~~~~~~C~~~~~~ 


1,8(1) 
• 
UnuMd I and B bite ••.•fw AND arr.y 
Ihouki be progrlmmed 
CUSTOMER SYMBOUZED 
PART M 
IB 
l 
•• Don"CoroH 
, 


DOH'TCARE - 


~ 


o u...- 
produet tomlo In lho OR ""oy ohould bo 
TOTAL NUMBER OF PARTS 
, 
(POL) 
progremnwct 
•• INACllVE 'e). 
, 
lOW 
l 
PROGRAM TABLE L- 
REV_ 
DATE___ 


VARIABLE 
]I g ~ li g 2 
51 i ~ lil lil !:: ~ 1Il 
III ~ III 
lJ1 ~ tl 
I:l :! 
I!l 
0; ;: :< 0: ~ ;: 
<:: 
;;: 
::: is .. .. .. •. ..... 
N ~ 0 
l:::IJm-t 
NAME 
z 
•. 
.. 
.. 
•. 
•. 
.. 
.. 
· 
- 
- 
- 
. 
.. 
.. 
N 


N 
~ 


~ 
0 


0; 
.. 
.. 
Z 
•. 
C 
;: 


:< 
.. 


0: 
•. 


~ 
.. ~ 
;: 
· 
<:: 
.. 


;;: 
N 


::: 
~ 


.. 
0 


0; 
L 
.. 
;: 
•. 


:< 
- 
.. 


0: 
•. 


~ 
•• j! 
0 
• 
oS 
:ll 
;: 


W 
.. 


;;: 
N 
::: 
~ 
.. 
0 
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Programmable Logic Devices 


DESCRIPTION 
The PLUS153 PLDs are high speed, com- 
binatorial Programmable Logic Arrays. 
The Signetics state-<lf-the-art Oxide Iso- 
lated 
Bipolar 
fabrication 
process 
is 


employed to produce propagation delays 
as short as 12ns. 


The 2o-pin PLUS153devices have a pro- 
grammable AND array and a program- 


mable OR array. Unlike PAL® devices, 
100% product term sharing is supported. 
Any of the 32 logic product terms can be 
connected to any or all ofthe 10output OR 
gates. Most PAL ICs are limited to 7 AND 
terms per OR function; the PLUS153 de- 
vices can support up to 32 input wide OR 
functions. 


The polarity of each output is user-pro- 
grammable 
as 
either 
active-High 
or 


active-Low, 
thus allowing AND-OR 
or 


AND-NOR 
logic implementation. 
This 


feature adds an element of design flexibil- 
ity, particularly when implementing com- 
plex decoding functions. 


The PLUS153devices are user-program- 
mable using one of several commercially 
available, industry standard 
PLD pro- 


grammers. 


PLUS1538/0 
Programmable 
Logic Arrays 
(18 x 42 x 10) 


FEATURES 


• 110 propagation 
delays (worst case) 


- PLUS153B - 15ns max. 


- PLUS153D-12nsmax. 


• Functional superset of 16L8 and 
most other 20-pln combinatorial 
PAL devices 


.lINo 
programmable 
arrays 


- Supports 32 Input wide OR 
functions 


.8lnputs 


.10 
bl-dlrectlonall/O 


• 42 AND gates 


- 32 logic product terms 


- 10 direction control terms 


• Programmable 
output polarity 


- Active-High 
or Actlve-Low 


• Security fuse 


• 3-5tate outputs 


• Power dissipation: 
750mW (typ.) 


• TIL Compatible 


PIN CONFIGURATIONS 


N Package 


Be 


lie 


87 


lit; 


85 


lie 
S, 


II:! 


GHD 


N. 
Plastic 


A Package 


10 Vcc Be 
18 


APPLICATIONS 


• Random logic 


• Code converters 


• Fault detectors 


• Function generators 


• Address mapping 


• Multiplexing 


Philips Components 


PHILIPS 


Programmable 
logic 
Arrays 
(18 x 42 x 10) 


, 
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NOTES: 
1. AlllOlll'ammod 
'AND' galalDeaUona 
ara pullad to logic "1". 
2. 
AI P'ogrammed 
UR' gaIO locations 
are pulled to logic '0". 
3. 
Progrlr1"lmllbletonnedlon. 


(18 x 42 x 10) 


DESCRIPTION 
lpo(MAX) 
ORDER 
CODE 


2O-Pin Plastic DIP 3OOmil-wide 
15ns 
PLUSI53BN 


2O-Pin Plastic DIP 3OOmil-wide 
12ns 
PLUS153DN 


2O-Pin Plastic Leaded Chip Carrier 
15ns 
PLUSI53BA 


2O-Pin Plastic Leaded Chip Carrier 
t2ns 
PLUSl53DA 


RATING 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Vrx; 


Vin 
Input voltage 
+5.5 
Vrx; 


VOUT 
Oulput voltage 
+5.5 
Vrx; 


IIN 
Input currents 
--30 
+30 
mA 


lOUT 
Oulput currents 
+100 
mA 


TA 
Operating free-air temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
~5 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


TEMPERATURE 


Maximum junction 
lSOoC 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


The PLUS153 devices are also processed to 
military requirements 
for operation over the 


military temperature range. For specifications 
and ordering information consult the Signetics 
Military Data Book. 


Programmable 
Logic Arrays 


(18 x 42 x 10) 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Mln 
Typ' 
Max 
UNIT 


Input voltage2 


VL 
Low 
Vce = Min 
0.8 
V 


VI-l 
High 
Vcc=Max 
2.0 
V 


Vr; 
Clamp 
Vcc = Min, I'N =-12mA 
-0.8 
-1.2 
V 


Output voltage 


Vce = Min 


Vex 
Low' 
lex = 15mA 
0.5 
V 


VQH 
High5 
IOH=-2mA 
2.4 
V 


Input current' 


Vcc = Max 


IL 
Low 
V1N=0.45V 
-100 
J.IA 


II-l 
High 
V'N = Vce 
40 
J.IA 


Output current 


Vcc = Max 


100oFF) 
H~Z stateB 
VOUT= 5.5V 
80 
J.IA 


VOUT= 0.45V 
-140 


los 
Short circuitJ. 5. 6 
VOUT= OV 
-15 
-70 
mA 


Ice 
Vce supply current7 
Vcc = Max 
150 
200 
mA 


Capacitance 


Vce = 5V 


C'N 
Input 
V,N= 2.0V 
8 
pF 
CB 
I/O 
VB = 2.0V 
15 
pF 


NOTES: 
1. All typical values are at Vce = 5V. TA = +25°C. 
2. All voltage values are with respeclto 
networl< ground terminal. 


3. 
Test one at a time. 
4. 
Measured with inputs 10-12 = OV,inputs 13-15 = 4.5V. inputs 17= 4.5V and 16= 10V. For outputs Be - 84 and for outputs Bs - Bg apply the 
same conditions except 17= OV. 
5. Same conditions as Note 4 except 17= +1OV. 
6. 
Duration of short circuit should not exceed 1 second. 


7. 
Ice is measured with inputs 10- 17and Be- 89 = Ov. 


8. 
Leakage values are a combination of input and output leakage. 
9. 
IL and I'H limits are for dedicated inputs only (10-17), 


LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST 
PLUS153B 
PLUS153D 
UNIT 


CONDITION 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


!Po 
Propagation Delay2 
Input +/- 
Output +/- 
CL = 30pF 
11 
15 
10 
12 
ns 


toE 
Output Enable 
Input +/- 
Output- 
CL = 30pF 
11 
15 
10 
12 
ns 


too 
Output Disable 1 
Input +/- 
Output + 
CL = 5pF 
11 
15 
10 
12 
ns 


NOTES: 
1. Measured at VT = Vex + 0.5V. 
2. 
Measured with all inputs and outputs switching simultaneously. 


Programmable 
Logic Arrays 
(18 x 42 x 10) 


IlEASUREMENTS: 
AI circuit 
delays 
are measured 
a1the +1.5V level 


c:A irputa 
and outputs, 
unlell 
otherwlle 
apedfled. 


Input Puis •• 


SYMBOL 
PARAMETER 


Iro 
Propagation delay between 
input and output. 


100 
Delay between input change 
and when output is off (Hi-Z 
or High). 


toE 
Delay between input change 
and when output reflects 
specified output level. 


o--r- 
10 
I 
I 


I 
I 
o--l--- I 


'7 


+5V-lll 


NCLUDESSCOPE 
AND JIG 
R, 
CAPAQTANCE 


RZ"=, J Ct 


Programmable 
Logic Arrays 
(18x42x10) 


LOGIC PROGRAMMING 
PlUSl53 
logic designs 
can be generated 


using Signetics AMAZE PLO design software 
or one of several other commercially available, 
JEDEC standard PlD design software pack- 
ages. Boolean equation entry is accepted. 


PLUS 153 logic designs can also be generated 
using the program table entry format detailed 
on the following 
pages. This program table 


entry format 
is supported 
by the Signetics 


AMAZE PlD design software (PTP module). 
AMAZE is available free of charge 10qualified 
users. 


.~. 
.~. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, P,etc.) is assigned asymbol. The sym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. 


1~B 1~B 1~B 1~B 
~B 
~B 
~B 
~B 
~. 
U 
~. 
~. 


P,D 
p,D 
P,D 
P,D 
I~ 
I~ 


VIRGIN 
STATE 
A faclory 
shipped virgin device contains all 


fusible links intact, such that: 
1. All outputs are at "W polarity. 


2. All Pnterms are disabled. 


3. All Pn terms are active on all outputs. 


PnSTATUS 
~ 


ACTIVE' 
~ 
I~ 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Pn will be unconditionally inhibited if both the true and complement of an input (either 


10( B) are left intact. 
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Programmable 
Logic Devices 


DESCRIPTION 
The PLUS153-10 
PLD is a high speed, 
combinatorial 
Programmable 
Logic Array. 


The 
Signetics 
state-of-the-art 
Oxide 


Isolated 
Bipolar 
fabrication 
process 
is 
employed 
to produce 
propagation 
delays 


as short as 10ns. 


The 20-pin 
PLUS153 
device 
has a pro- 


grammable 
AND 
array 
and a program- 


mable 
OR array. 
Unlike 
PAL® 
devices, 
100% product term sharing 
is supported. 
Any of the 32 logic product terms can be 
connected 
to any or all of the 10 output OR 


gates. Most PAL ICs are limited to 7 AND 
terms per OR function; 
the PLUS153-10 


can 
support 
up 
to 
32 
input 
wide 
OR 


functions. 


The 
polarity 
of 
each 
output 
is 
user- 


programmable 
as either 
active--High 
or 


active-Low, 
thus 
allowing 
AND-DR 
or 


AND-NOR 
logic 
implementation. 
This 
feature adds an element of design flexibil- 
ity, particularly 
when implementing 
com- 


plex decoding 
functions. 


The 
PLUS153-10 
device 
is 
user-pro- 


grammable 
using one of several commer- 


cially 
available, 
industry 
standard 
PLD 


programmers. 


PLUS153-10 
Programmable 
Logic Array 
(18 x 42 x 10) 


FEATURES 


• I/O propagation 
delays 
(worst 
case) 


- 
PLUS153-10 
-10ns 
max. 


• Functional 
superset 
of 16L8 and 
most 
other 
20-pin 
combinatorial 
PAL devices 


• Two programmable 
arrays 


- Supports 
32 input 
wide 
OR 
functions 


.8 
inputs 


.10 
bi-<lirectionall/O 


• 42 AND gates 


- 32 logic 
product 
terms 


- 10 direction 
control 
terms 


• Programmable 
output 
polarity 


- Active-High 
or Active-Low 


• 3-State 
outputs 


• Power 
dissipation: 
750mW 
(typ.) 


• TTL Compatible 


APPLICATIONS 


• Random 
logic 


• Code converters 


• Fault detectors 


• Function 
generators 


• Address 
mapping 


• MUltiplexing 


Philips Components 


PHILIPS 


Preliminary Specification 


Programmable Logic Array 
(18 x 42 x 10) 
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NOTES, 
1. Art programmed 
'AND' 
gate locations 
are pulled 
10 logic-1 


R 
• 


2. 
All programmed 
'OR' gate locations 
are pulled 
to logic -OR. 
3. 
Programmable 
connection. 


Programmable 
Logic Array 


(18x42x10) 


DESCRIPTION 
tpo(MAX) 
ORDER CODE 


2o-Pin Plastic DIP 300m iI-wide 
10ns 
PLUS153-10N 


2o-Pin Plastic Leaded Chip Carrier 
10ns 
PLUS153-10A 


RATING 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V'n 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


I'N 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating free-air temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
-<>5 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


The PLUS153 devices are also processed to 
military requirements 
for operation over the 


military temperature range. For specifications 
and ordering information consult the Signetics 
Military Data Book. 


(18x42x10) 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Mln 
Typ' 
Max 
UNIT 


Input voltage' 


V1L 
Low 
Vee = Min 
0.8 
V 


VIH 
High 
Vee = Max 
2.0 
V 


Vc 
Clamp 
Vce = Min,IIN = -12mA 
--{).8 
-1.2 
V 


Output voltage 


Vce = Min 


VOL 
Low" 
10L~ 15mA 
0.5 
V 


VOH 
HighS 
10H=-2mA 
24 
V 


Input current" 


Vee = Max 


I•.. 
Low 
VIN= 0.45V 
-100 
IlA 


IIH 
High 
VIN= Vce 
40 
IlA 


Output current 


Vee = Max 


1010FF) 
Hi-Z stateS 
VOUT= 5.5V 
80 
IlA 


VOUT= 045V 
-140 


los 
Short circuit3, 5,6 
VOUT= OV 
-15 
-70 
mA 


Ice 
Vce supply current7 
Vee = Max 
150 
200 
mA 


Capacitance 


Vce = 5V 


CIN 
Input 
V1N= 2.0V 
8 
pF 


CB 
I/O 
VB = 2.0V 
15 
pF 


NOTES: 
1. All typical values are at Vee = 5V, TA = +25°C. 
2. All voltage values are with respect to networl< ground terminal. 
3. Test one at a time. 
4. 
Measured with inputs 10- 12= OV,inputs 13- 15= 4.5V, inputs 17~ 4.5V and 16= 10V. For oUlputs So- 8. and for outputs 85 - 89 apply the 
same conditions except 17= OV. 


5. Same conditions as Note 4 except 17= +1OV. 
6. 
Duration of short circuit should not exceed 1 second. 


7. 
Ice is measured with inputs 10- 17and So - 89 ~ OV. 
8. 
Leakage values are a combination of input and output leakage . 
9. 
IlL and IIHlimits are for dedicated inputs only (10-17). 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITION 
Min 
Typ 
Max 
UNIT 


!Po 
Propagation Delay2 
Input +/- 
Output+/- 
CL = 30pF 
8 
10 
ns 


toE 
OUlput Enable 
Input +/- 
Output- 
CL = 30pF 
8 
10 
ns 


too 
Output Disable 1 
Input +/- 
Output + 
CL = 5pF 
8 
10 
ns 


NOTES: 
1. Measured at VT = VOL+ 0.5V. 
2. 
Measured with all inputs and outputs switching simultaneously. 


Programmable 
Logic Array 


(18x42x10) 


MEASUREMENTS, 
A" circuit 
delays 
are 
measured 
at the + 1.5V 
level 


of j~uls 
and outputs, 
unless 
otherwise 
specified. 


SYMBOL 
PARAMETER 


tpo 
Propagation delay between 
input and output. 


too 
Delay between input change 
and when output is off (Hi-Z 
or High). 


toE 
Delay between input change 
and when output reflects 
specified oUlputlevel. 


0-,-10 
I 
I 


I 
I 


o---l-- 
I~ 


~BW 
a---L- 
BX 


.5V 
J:D 


NCLUDES 
SCOPE 
AND JIG 
R, 
CAPACITANCE 


R2= J CL 


Programmable logic Array 
(18x42x10) 


LOGIC PROGRAMMING 
PLUS153-10 
logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean equation entry is accepted. 


PLUSl53-10 
logic designs can also begener- 
ated using the program table entry format de- 
tailed on the following pages. This program 
table entry format is supported by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, P,etc.) is assigned a symbol. The sym- 
bols for TRUE, 
COMPLEMENT, 
INACTIVE, 
PRESET, etc., are defined below. 


,~. 


1"8 
1',8 
1"8 
1',8 
1,8 
~8 
1,8 
1,8 


r,lI" 
I,ll" 
I,ll" 
I,ll" 


P,D 
p,D 
P,D 
P,D 


Pn STATUS 
~A 
E 


ACTIVE 1 
~ 


I~ 


VIRGIN 
STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at "H" polarity. 


2. All Pn terms are disabled. 


3. All Pn terms are active on all outputs. 


I 
Pn STATUS 
CODE 
I 
INACnvE 
I 
• 
I 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Pnwill be unconditionally inhibited if both the true and complement of an input (either 


I or B) are left intact. 


Programmable 
Logic Array 


(18x42x10) 


AND 


I 
B(I) 


765432109876543210 


I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 


OR 


8(0) 


9876543210 


I 


CJI 


Application 
Specific 
Products 


• 
Series 
24 


DESCRIPTION 


The PLS173 is a two-level 
logic element 


consisting 
of 42 AND gates and 10 OR 


gates 
with 
fusible 
link connections 
for 
programming 
I/O 
polarity 
and direction. 


All AND gates are linked to 12 inputs (I) 
and 10 bidirectional 
I/O lines (B). These 


yield variable 
I/O gate configurations 
via 
10 direction 
control 
gates 
(D), ranging 
from 
22 inputs 
to 
10 outputs. 


On chip T/C buffers 
c()uEle either True 
(I, B) or Complement 
(I, B) input polari- 


ties to all AND gates, whose outputs can 
be 
optionally 
linked 
to 
all 
OR 
gates. 
Their output polarity, in turn, is individual- 
ly programmable 
through a set of EX-OR 


gates 
for 
implementing 
AND/OR 
or 


AND/NOR 
logic 
functions. 


The PLS173 
is field programmable, 
en- 


abling the user to quickly generate 
cus- 


tom 
patterns 
using 
standard 
program- 


ming equipment. 


Order 
codes 
for 
this 
device 
are 
con- 
tained 
in the 
pages 
following. 


I-lela-tJrogrammaole 
LOgiC 
Array (22 x 42 x 10) 


Signetics 
Programmable 
Logic 
Product 
Specification 


FEATURES 


• Field-Programmable 
(Ni-Cr 
links) 


• 12 inputs 
• 42 AND 
gates 
• 
10 OR gates 
• 10 bidirectional 
1/0 
lines 


• Active-High 
or 
-Low 
outputs 


• 42 product 
terms: 
- 32 logic 
terms 


- 10 control 
terms 


• I/O 
propagation 
delay: 
30ns (max.) 


• Input 
loading: 
-100/.lA 
(max.) 


• Power 
dissipation: 
750mW 
(typ.) 


• 3-State 
outputs 
• TTL 
compatible 


APPLICATIONS 


• Random 
logic 
• Code 
converters 


• Fault 
detectors 
• Function 
generators 


• Address 
mapping 
• Multiplexing 


TYPICAL 
PRODUCT 
TERM: 


Pn=A"e-c-o" 
. 


TYPICAL 
LOGIC 
FUNCTION: 


AT OUTPUT 
POLARITY 
= H 
Z = PO + P1 + P2 
... 


AT OUTPUT 
POLARITY 
= L 


Z = PO + P1 + P2 + 
z=PO·P'i·j)2· . 


NOTES: 
1. For each 
of the 
10 outputs, either 
function 
Z 
(Active-High) 
or Z (Active-Low) 
is available, 
but not 


both. 
The desired 
output 
polarity 
is programmed 


via the 
EX-OR 
gates. 


2. 2, A, B. C, elc. 
are user defined 
connections 
to 


fixed inputs (I), and bidirectional 
pins (8). 
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NOTES: 
1. All programmed 
"AND" 
gate 
locations 
are pulled 
10 logic ''1'', 


2. All programmed 
OR" 
gate 
locations 
are 
pulled to logic "0". 
3. 
Programmable 
connection. 


DESCRIPTION 
ORDER CODE 


24-Pin Plastic 01P 
PLS173N 
300mil-wide 


28--Pin Plastic Leaded 
PLS173A 
Chip Carrier 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


RATING 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V'n 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


I'N 
Input currents 
-30 
+30 
mA 


louT 
Output currents 
+100 
mA 


TA 
Operating free-ilir 
temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
-65 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ' 
Max 
UNIT 


Input voltage2 


VI- 
Low 
Vcc = Min 
0.8 
V 
V,H 
High 
Vcc = Max 
2.0 
V 


Vr:; 
Clamp2.3 
Vce = Min. I'N = -12mA 
--{).8 
-1.2 
V 


Output voltage 


Vce = Min 


VOL 
Low2.' 
IOL= 15mA 
0.5 
V 
VOH 
High2.5 
10H=-2mA 
2.4 
V 


Input current'· 


Vcc = Max 


I'L 
Low 
V,N= 0.45V 
-100 
IJA 


I'H 
High 
V,N= Vcc 
40 
IJA 


Output current 


Vcc = Max 


10(OFF) 
Hi-Z state9 
VOUT= 5.5V 
80 
IJA 


VOUT= 0.45V 
-140 


los 
Short circuit3. 5. 6 
VOUT= OV 
-15 
-70 
mA 


Ice 
Vce supply current] 
Vcc = Max 
150 
170 
mA 


Capacitance 


Vce = 5V 


I'N 
Input 
V,N= 2.0V 
8 
pF 


CB 
110 
VB = 2.0V 
15 
pF 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITION 
Min 
Typ 
Max 
UNIT 


!Po 
Propagation delay 
Input± 
Output± 
CL = 30pF 
20 
30 
ns 


IoE 
Output enable 
Input± 
Output- 
CL = 30pF 
20 
30 
ns 


'00 
Output disables 
Input± 
Output + 
CL = SpF 
20 
30 
ns 


NOTES: 
1. All typical values are at Vcc = SV.TA = +2SoC. 
2. All voltage values are with respect to network ground terminal. 
3. 
Test one at a time. 
4. 
Measured with inputs V1Lapplied to I". 
Pins l-S = OV.Pins 6--10 = 4.SV, Pin 11 = OVand Pin 13 = 10V 
S. Same conditions as Note 4 except Pin 11 = +10V 
6. 
Duration of short circuit should not exceed 1 second. 
7. 
Ice is measured with 10and I, = OV,and 12-I" 
and Bo - 
Bg = 4.SV. Part in Virgin State. 
8. 
Measured at VT = VOL+ O.SV 
9. 
Leakage values are a combination of input and output leakage. 
10.IIL and IIH limits are for dedicated inputs only (10-I,,). 


MEASUREMENTS: 
All circuit 
delays 
are 
measured 
at the + 1.5V 
level 
of il'lluts 
and 
outputs. 
unless 
OI:herwise 
specified. 


TEST LOAD CIRCUIT 


Vcc 
0--,- 
10 


I 
I 


I 
I 


o---l---- I 
By 


111 
OUT 


<>---r-- 
BW 
BZ 
o---L- 


BX 
GNO 


-=- 


SYMBOL 
PARAMETER 


tpo 
Propagation delay between 
input and output. 


'00 
Delay between input change 
and when output is off (Hi-Z 
or High). 


IoE 
Delay between input change 
and when output reflects 
specified output level. 


I, B ==:)j(,.5V 
*,.5V~ 
+3V 
'~-:-'" 
Bj~~ 


LOGIC PROGRAMMING 
OUTPUT 
POLARITY 
- (8) 


PLS173 logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of 
several 
other 
commercially 
available, 
sTD- 
B 


JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLS173 logic designs can also be generated 
using the program table entry format detailed 
on the following 
pages. This program table 
entry format 
is supported 
by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 


users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, P,etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 
PRESET, etc., are defined below. 


1 


1'B 
~-11'B 1"B 
11'B 
I,B 
~B 
I,B 
',B 
r,B' 
1,B' 
r,B' 
r,B' 


P,D 
p,D 
P,D 
P,D 
I~ 
I~ 


VIRGIN 
STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at "H" polarity. 


2. All Pn terms are disabled. 


3. 
All Pn terms are active on all outputs. 


I 
Pn STATUS 


I 
INACTIVE 
I 
COOE 
I 
I 
I 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 


(inactive) AND gates Pn, Dn. 
2. Any gate Pn, Dnwill be unconditionally inhibited if both the True and Complement of any input 


(I, B) are left intac!. 
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Document 
No. 
853-1298 


ECN No. 
97080 


Date of Issue 
July 12, 1989 


Status 
Product 
Specification 


Programmable 
Logic Devices 


DESCRIPTION 
The PLUS173 
PLDs are high speed, com- 


binatorial 
Programmable 
Logic 
Arrays. 
The Signetics 
state-of-the-art 
Oxide 
Iso- 


lated 
Bipolar 
fabrication 
process 
is 
employed 
to produce 
propagation 
delays 


as short as 12ns. 


The 24-pin 
PLUS 173 devices 
have a pro- 


grammable 
AND 
array 
and 
a program- 


mable 
OR 
array. 
Unlike 
PAL® 
devices, 


100% product 
term sharing 
is supported. 


Any of the 32 logic product 
terms 
can be 


connected 
to any or all of the 10 output OR 


gates. 
Most PAL ICs are limited to 7 AND 


terms 
per OR function; 
the PLUS173 
de- 


vices can support 
up to 32 input wide OR 


functions. 


The 
polarity 
of 
each 
output 
is 
user- 


programmable 
as either 
active-High 
or 


active-Low, 
thus 
allowing 
AND-0R 
or 
AND-NOR 
logic 
implementation. 
This 


feature 
adds an element 
of design 
flexibil- 


ity, particularly 
when 
implementing 
com- 


plex decoding 
functions. 


The PLUS173 
devices 
are user-program- 
mable 
using one of several 
commercially 


available, 
industry 
standard 
PLD 
pro- 


grammers. 


PLUS1738/0 
Programmable 
Logic Arrays 
(22 x 42 x 10) 


FEATURES 
.110 propagation 
delays 
(worst 
case) 


- 
PLUS1738 
- 15ns 
max. 


- 
PLUS173D 
- 12ns 
max. 


• Functional 
superset 
of 20L 10 and 
most 
other 
24-pin 
combinatorial 
PAL devices 


• Two programmable 
arrays 


- 
Supports 
32 input 
wide 
OR func- 
tions 


.12 
inputs 


.10 
bi--directionall/O 


• 42 AND gates 


- 
32 logic 
product 
terms 


- 
10 direction 
control 
terms 


• Programmable 
output 
polarity 


- 
Active-High 
or Active-Low 


• Security 
fuse 


• 3-State 
outputs 


• Power 
dissipation: 
750mW 
(typ.) 


• TIL 
Compatible 


APPLICATIONS 


• Random 
logic 


• Code 
converters 


• Fault 
detectors 


• Function 
generators 


• Address 
mapping 


• Multiplexing 


Philips Components 


PHILIPS 


Programmable 
Logic Arrays 


(22 x 42 x 10) 


1 
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3 
• 


5 
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NOTES: 
1. All programmed 
'AND' 
gate locations 
are pulled 
10 logic "1· 


2. 
All programmed 
'OR' gale 
locations 
are pulled 
10 logic 
"0". 
3. 
Programmable connection. 


Programmable 
Logic Arrays 


(22 x 42 x 10) 


DESCRIPTION 
tpo (MAX) 
ORDER CODE 


24-Pin Plastic DIP 300mil-wide 
15ns 
PLUS173BN 


24-Pin Plastic DIP 300m ii-wide 
12ns 
PLUS173DN 


28--Pin Plastic Leaded Chip Carrier 
15ns 
PLUS173BA 


28--Pin Plastic Leaded Chip Carrier 
12ns 
PLUS173DA 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


RATING 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Vrx; 


V1n 
Input voltage 
+5.5 
Vrx; 


VOUT 
Output voltage 
+5.5 
Vrx; 


IIN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating free-air temperature range 
0 
+75 
°C 


Tsm 
Storage temperature range 
-B5 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


Programmable 
Logic Arrays 


(22 x 42 x 10) 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ' . 
Max 
UNIT 


Input voltage' 


V,L 
Low 
Vcc = Min 
0.8 
V 


V,H 
High 
Vcc = Max 
2.0 
V 


Vc 
Clamp 
Vcc = Min, I'N = -12mA 
-{).8 
-1.2 
V 


Output voltage' 


Vcc = Min 


VOL 
Low" 
IOL= 15mA 
0.5 
V 


VOH 
HighS 
IOH=-2mA 
2A 
V 


Input current' 


Vcc = Max 


I'L 
Low 
V,N= OA5V 
-100 
~ 


I'H 
High 
V,N= Vcc 
I 
40 
~ 


Output current 


Vcc = Max 


1010FFI 
Hi-Z stateS 
Your = 5.5V 
80 
~ 


Your = OA5V 
-140 


los 
Short circuit3. 5. 6 
Your = OV 
-15 
-70 
mA 


Ice 
Vce supply current7 
Vcc = Max 
150 
200 
mA 


Capacitance 


Vcc = 5V 


I'N 
Input 
V,N= 2.OV 
8 
pF 
CB 
I/O 
VB = 2.OV 
15 
pF 


NOTES: 
1 
All typical values are at Vcc = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. 
Measured with inputs 10- I. = OV,inputs 15 - 19= 4.5V, I" = 4.5V and 110 = 10V For outputs So - 8. and for outputs 85 - 
Bg apply the same 
conditions except I" = OV 
5. Same conditions as Note 4 except input I" = +10V. 
6. 
Duration of short circuit should not exceed 1 second. 
7. 
Ice is measured with inputs 10-I" 
and So - 89 = OV Part in Virgin State. 
8. 
Leakage values are a combination of input and output leakage. 
9. 
III and I'H limits are for dedicated inputs only (10- I,,). 


LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST 
PLUS173B 
PLUS173D 
UNIT 


CONDITION 
Min 
Typ 
Max 
Min 
Typ 
Max 


!Po 
Propagation Delay2 
Input +/- 
Output +/- 
CL = 30pF 
11 
15 
10 
12 
ns 


toE 
Output Enable 
Input +/- 
Output- 
CL = 30pF 
11 
15 
10 
12 
ns 


too 
Output Disable' 
Input +/- 
Output + 
CL = 5pF 
11 
15 
10 
12 
ns 


NOTES: 
1. Measured at Vr = VOL+ 0.5V 
2. 
Measured with all inputs and outputs switching simultaneously. 


Programmable 
Logic Arrays 


(22 x 42 x 10) 


MEASUREMENTS, 
All circuit 
delays 
are 
measured 
at the 
-t 1.5V 
level 
01 inputs 
and outputs. 
unless 
otherwise 
specified. 


SYMBOL 
PARAMETER 


tpo 
Propagation delay between 
input and output. 


too 
Delay between input change 
and when output is off (Hi-Z 
or High). 


toE 
Delay between input change 
and when output reflects 
specified output level. 


TEST LOAD CIRCUIT 


Vcc 


0-,-- 
10 


I 
I 


I 
I 


By 
o--l-- 
I 


'11 
OUT 


o--r-- 
Bw 
BZ 
o--l--- 


BX 
GNO 


-=- 


I, B=*.. 
'._5V 
*1.5V 
~ 
::v 
·~-----'"bi·.j~:: 


Programmable logic Arrays 
(22 x 42 x 10) 


LOGIC PROGRAMMING 
OUTPUT 
POLARITY 
- (B) 


PLUS173 
logic designs 
can be generated 
using Signetics AMAZE PLD design software 


or one of several other commercially available, 
ST-:- D- B 


JEDEC standard PLD design software pack- 
ages. Boolean equation entry is accepted. 


PLUS173 logic designs can also be generated 
using the program table entry format detailed 
on the following 
pages. This program table 
entry format 
is supported 
by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
stale of each logic variable from logic equations 
(I, B, 0, P,etc.) is assigned a symbol. The sym- 
bols for TRUE, 
COMPLEMENT, 
INACTIVE, 
PRESET, etc., are defined below. 


.~. 


11'B 
11'B 
11'B 
11'B 
I,B 
~B 
I,B 
I,B 


r,B 
r,B 
I,B 
r,B 


P,D 
P,D 
PoD 
P,D 


I~ 
I~ 


VIRGIN 
STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at "H" polarity. 


2. All Pn terms are disabled. 


3. All Pnterms are active on all outputs. 


I 
Po STATUS 
I 
INACTIVE 
I 
CODE 
I 
I 
I 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 


(inactive) AND gates Pn, On' 


2. Any gate Pn, 
On will be unconditionally inhibited if both the true and complement of any input 


(I, B) are left intact. 


Programmable 
Logic Arrays 


(22 x 42 x 10) 


wa: 
w 
"" 
> 
<.> 
1= 
•..• 


~ 
m 1m 
~ 
~ 
~ 
1_- 0 


AND 


I 
8(1) 


11 
10 
a 
8 
7 
6 
5 
.• 
3 
2 
lOa 
8 
7 
6 
5 
.• 
3 
2 
1 
0 


I I 
I I 
I I 


OR 


8(0) 


9876543210 


DESCRIPTION 
The PLUS173-10 PLD is a high speed, 
combinatorial Programmable Logic Array. 
The Signetics state-<>f-the-artOxide Iso- 
lated 
Bipolar 
fabrication 
process 
is 


employed to produce propagation delays 
as short as 10ns. 


The 24-pin PLUS173-10 device has a 
programmable AND array and a program- 


mable OR array. Unlike PAL® devices, 
100% product term sharing is supported. 
Any of the 32 logic product terms can be 
connected to any or all of the 10 output OR 
gates. Most PAL ICs are limited to 7 AND 
terms per OR function; the PLUS173-10 
device can support upto 32 input wide OR 
functions. 


The polarity of each output is user- 
programmable as either active-High or 
active-Low, 
thus allowing AND-OR 
or 


AND-NOR 
logic implementation. 
This 
feature adds an element of design flexibil- 
ity, particularly when implementing com- 
plex decoding functions. 


The 
PLUS173-10 
device 
is 
user- 
programmable using one of several com- 
mercially 
available, 
industry 
standard 


PLD programmers. 


(22 X 42 X 10) 


FEATURES 
.1/0 propagation 
delays (worst case) 
- PLUS173-10 - 10ns max. 


• Functional superset of 20L10 and 
most other 24-pin combinatorial 
PAL devices 


• Two programmable 
arrays 
- Supports 32 Input wide OR 
functions 


.12 
inputs 


• 10 bi-<lirectionall/O 


• 42 AND gates 
- 32 logic product terms 


- 10 direction control terms 


• Programmable 
output polarity 
- Active-High 
or Active-Low 


• security 
fuse 


• 3-State outputs 


• Power dissipation: 
750mW (typ.) 


• TIL Compatible 


APPLICATIONS 


• Random logic 


• Code converters 


• Fault detectors 


• Function generators 


• Address mapping 


• Multiplexing 


A Package 


12 I, 
10 Vcc Ilo 


3 
2 
, 


Philips Components 


PHILIPS 


Preliminary Specification 


Programmable 
Logic Array 
(22 x 42 x 10) 
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HOTES: 
,. 
AI programmed 
'AND' 
gale 
locations 
are pulled 
10 logic~1·. 
2. AI programmed 'OR' gate locations are pulled to logic V. 
3. 
Programmable oonnection. 


Programmable 
Logic Array 


(22 x 42 x 10) 


TEMPERATURE 


Maximum junction 
1SOoC 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


DESCRIPTION 
tpo(MAX) 
ORDER CODE 


24--Pin Plastic DIP 300m iI-wide 
10ns 
PLUS173-10N 


28-Pin Plastic Leaded Chip Carrier 
10ns 
PLUS173-10A 


RATING 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V••• 
Input voltage 
+5.5 
Voc 


VooT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
-30 
+30 
mA 


lOOT 
Output currents 
+100 
mA 


TA 
Operating free-air temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
~5 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


Programmable 
Logic Array 


(22 x 42 x 10) 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ' 
Max 
UNIT 


Input voltage' 


VL 
Low 
Vce = Min 
0.8 
V 


VH 
High 
Vcc = Max 
2.0 
V 


Vr; 
Clamp 
Vce = Min, I'N = -12mA 
--{).8 
-1.2 
V 


Output voltage2 


Vce = Min 


VOL 
Low" 
IOL= 15mA 
0.5 
V 


VOH 
HighS 
IOH=-2mA 
2.4 
V 


Input current' 


Vcc = Max 
1-: 
0 
III 
Low 
V'N = OA5V 
lJA 


IIH 
High 
V'N = Vcc 
lJA 


Output current 


Vcc = Max 


10(OFF) 
Hi-Z stateB 
Your = 5.5V 
80 
lJA 


Your = 0.45V 
-140 


los 
Short circuit3. 5. 6 
Your = OV 
-15 
-70 
mA 


Ice 
Vce supply current] 
Vcc = Max 
150 
200 
mA 


Capacitance 


Vcc = 5V 


IIN 
Input 
V'N = 2.0V 
8 
pF 
CB 
I/O 
VB = 2.0V 
15 
pF 


NOTES: 
1. All typical values are at Vce = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. 
Test one at a time. 


4. 
Measured with inputs 10-I. 
= OV,inputs 15-19 = 4.5V, I" = 4.5V and 110 = 10V. For outputs Bo - B. and for outputs B5 - Be apply the same 


conditions except 1 
" 
= Ov. 


5. Same conditions as Note 4 except input 1'1= +10V. 
6. 
Duration of short circuit should not exceed 1 second. 
7. 
Ice is measured with inputs 10-1'1 and Bo - B9 = OV. Part in Virgin State. 


8. 
Leakage values are a combination of input and output leakage. 
9. 
IL and I'H limits are for dedicated inputs only (10-I,,). 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITION 
Mln 
Typ 
Max 
UNIT 


!Po 
Propagation Delay2 
Input +/- 
Output+/- 
CL = 30pF 
8 
10 
ns 


toE 
Output Enable 
Input +/- 
Output- 
CL = 30pF 
8 
10 
ns 


too 
Output Disable 1 
Input +/- 
Output + 
CL = 5pF 
8 
10 
ns 
NOTES: 
1. Measured at Vr = Va. + O.SV. 
2. 
Measured with all inputs and outputs switching simultaneously. 


Programmable 
Logic Array 


(22 x 42 x 10) 


MEASUREMENTS: 
AN circuit 
delays 
are measured 
at the +1.5V 
level 


of j~uts 
and outputs. 
unless 
otherwise 
specified. 


SYMBOL 
PARAMETER 


tpo 
Propagation delay between 
input and output. 


too 
Delay between input change 
and when output is off (Hi-Z 
or High). 


toE 
Delay between input change 
and when output reflects 
specified output level. 


•• v 


~ 


NClUDESSCOPE 
AND JIG 
R1 
CAPACITANCE 


R2= r Cl 


1,8=*..... 
_.v 
*1.5V 
~ 
.3V 
·~... B"n;~ 


Programmable 
Logic Array 
(22 x 42 x 10) 


LOGIC PROGRAMMING 
PLUS173-10 
logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean equation entry is accepted. 


PLUS173-10 logic designs can also be gener- 
ated using the program table entry format de- 
tailed on the following pages. This program 
table entry format is supported by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 


users. 


.~. 
.~ 
. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, P,etc.) is assigned a symbol. Thesym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. 


1~B 
11'B 
1 


1'B 
1 


1'B 
I,B 
~B 
I,B 
~B 


r,1J 
T,IJ 
1,1J 
r,lJ 


P,D 
p,D 
P,D 
P,D 


I~ 


VIRGIN 
STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at oW polarity. 


2. All Pnterms are disabled. 


3. All Pnterms are active on all outputs. 


PnSTATUS 
~ 


ACTIVE' 
~ 
I 
Pn STATUS 
I 
CODe 
I 
I 
INACTIVe 
I 
• 
I 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 


(inactive) AND gates Pn, Dn. 
2. Any gate Pn, Dnwill be unconditionally inhibited if both the true and complement of any input 


(I, B) are left intact. 


Programmable 
Logic Array 
(22 x 42 x 10) 


s- 
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Application 
Specific 
Products 
• Series 
24 


DESCRIPTION 
The PLHS473 is a two level logic device 
consisting 
of 24 AND gates and 22 OR 


gates 
with 
fusible 
link connections 
for 
programming 
I/O 
polarity and direction. 


The 
Signetics 
state 
of 
the 
art 
Oxide- 
Isolated Bipolar process 
is used to pro- 


duce 
performance 
not yet achieved 
in 


devices 
of this complexity. 


All AND gates are linked to 11 input pins, 
9 bidirectional 
I/O pins, and 2 dedicated 
output 
pins. The 
bidirectional 
pins are 
controlled 
via the OR array. Using these 
features, 
the PLHS473 
can 
be config- 
ured with up to 20 inputs and as many as 
11 outputs. 


The 
AND 
array 
input 
buffers 
provide 
both the True and Complement 
of the 
inputs 
(Ix) and the bidirectional 
signals 
(Bx) as programmable 
connections 
to 
the AND gates. All 24 AND gates can 
then 
be optionally 
linked to all 22 OR 
gates (a feature known as Product Term 
sharing not found in PAL' 
device archi- 


tectures 
or 
most 
macro cell 
architec- 
tures). 
The OR array drives 
11 output 


buffers 
which 
can 
be programmed 
as 
active-High 
for 
AND-OR 
functions 
or 


active-Low 
for AND-NOR 
functions. 
In 


addition, 
the I/O 
configuration 
of each 
bidirectional 
pin is individually controlled 
by a sum-of-products 
(AND-OR) function 
which 
may also contain 
any of the 24 
AND gate outputs. 
This allows dynamic 


Field-Programmable 
Logic 
Array (20 x 24 X 11) 


Signetics 
Programmable 
Logic 
Product 
Specification 


I/O 
configuration 
of all 9 bidirectional 
pins. 


The 
PLHS473 
contains 
two 
new 
fea- 
tures of significance. 
A code verification 
lock has been incorporated 
to improve 


user security. The addition of three test 
columns 
and one test row enables 
the 


user 
to 
test 
the 
device 
in an 
unpro- 


grammed 
state. 


The PLHS473 is field programmable 
us- 


ing 
Vertical 
Avalanche 
Migration 
Pro- 
grammed 
(VAMp™) 
fuses 
to program 
the cells. This enables the generation 
of 
custom 
logic 
patterns 
using 
standard 
programming 
equipment. 


Order codes 
are listed in the Ordering 


Information 
Table. 


FEATURES 


• Field-Programmable 


• 11 dedicated 
inputs 


• 2 dedicated 
outputs 
• 9 bidirectional 
I/O 
lines 


• 24 product 
terms 
.22 
OR gates 


• I/O 
direction 
decoded 
in OR array 


• Output 
Enable 
decoded 
in OR 
array 


• Security 
fuse 
• I/O 
propagation 
delay: 
22ns (max.) 


a. 


( . 
ao 


~.) 
°a 


o. 


PIN CONFIGURATIONS 


N Package 


vcc 


8. 


87 


8. 


8, 


Oa 


O. 


8. 


8, 


8, 


8, 


80 


A Package 


HIC 


" 
" 


I, 
HIC 


• Input 
loading: 
-100I1A 
(max.) 


• Power 
dissipation: 
700mW 
(typ.) 


• Security 
fuse 
• Testable 
in unprogrammed 
state 


• Programmable 
as 3-State 
or 


Open-Collector 
outputs 


• TTL 
compatible 
• Programmable 
output 
polarity 


APPLICATIONS 


• Random 
logic 
• Code 
converters 
• Fault 
detectors 


• Function 
generators 


• Address 
mapping 


• Multiplexing 


PAL is a trademark of Monolithic Memories, Inc., a wholly owned 5ubsidary of Advanced Micro Devices, Inc. 
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X, 
17 
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I 
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I 


0, 
x, 
15 
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I 
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x, 
14 


5, 


E. 
X, 
13 


S. 
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X. 
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s. 
I 


x. 
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23 
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•• 
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15 ••• 
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NOTES: 
1. All unprogrammed 
or v.rgln 
"AND" 
gate locations 
are pulled 10 logIC "'" 


2. All unprogrammed 
or VIrgin "OR" 
gale 
locations 
are pulled to logIC "0". 


3. 
Programmable connechon. 


DESCRIPTION 
ORDER CODE 


24-pin Plastic DIP 
PLHS473N 
300mii-wide 


28-pin Plastic Leaded 
PLHS473A 
Chip Carrier 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
+7 
VDC 


VIN 
Input voltage 
+5.5 
VDc 


VOUT 
Output voltage 
+5.5 
VDC 


IIN 
Input currents 
-30 
to +30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating free-air temperature 
range 
o to +75 
°C 


TSTG 
Storage temperature 
range 
-65 
to +150 
°C 


NOTE: 
1. Stresses above those listed may cause malfunction 
or permanent 
damage to the device. This is a stress 


rating only. Functional 
operation 
at these or any other conditions 
above those indicated in the operational 


and programming 
specification of the device is not implied. 


Input 
voltage2 


VIL 
Low 


VIH 
High 


VIC 
Clamp3 


Output 
voltage 2 


Vcc ~ Min 
VCC~ Max 


Vcc ~ Min, IIN~ -12mA 


Low' 
High5 


Vcc ~ Min 
IOL~ 15mA 
IOH~ -2mA 


Vcc ~ Max 
VIN ~ 0.45V 
V1N= 5.5V 


Vcc = Max 
VOUT~ 5.5V 
VOUT~ 0.45V 
VOUT~ 0.5V 


VCC~ Max 


Short circuit3, 5, 6 


Vcc supply current? 


Vcc ~ 5V 
VIN ~ 2.0V 
VB ~ 2.0V 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable 
thermal rise 
75°C 
ambient to junction 


TYPICAL 
PRODUCT 
TERM: 


Pn = A' B'C 
-0' 


TYPICAL 
LOGIC 
FUNCTION: 


AT 
OUTPUT 
POLARITY 
= H 
Z=PO+P1+P2 
.. 


AT 
OUTPUT 
POLARITY 
= L 


Z = PO + P1 + P2 + 
Z=PO·j)1·ji2· 
. 


NOTES: 
1. For each 
of the 
11 outputs. 
either function 
Z 
(Active-High) 
or Z (Active-low) 
is available, 
bul not 


both. The desired output 
polarity is programmed 
via the Ex-OR gates 
2. Z, A. 8, C, etc. are user defined 
connections 
to 
fixed 
inputs 
(I), 
fixed 
output 
pins 
(0) 
and 
bidirectional 
pins (8). 


UNIT 


V 
V 
V 


V 
V 


jJA 
jJA 


40 
jJA 


-100 
jJA 


-15 
-70 
mA 


140 
155 
mA 


pF 
pF 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
TO 
FROM 
CONDITION 
UNIT 


Min 
Typ 
Max 


tpD 
Propagation delay 
Output ± 
Input ± 
CL ~ 30pF 
15 
22 
ns 


tOE 
Output enable 
Output - 
Input ± 
CL = 30pF 
15 
22 
ns 


too 
Output disable8 
Output + 
Input ± 
CL ~ 5pF 
15 
22 
ns 


NOTES: 


1. All typical values are at Vcc = 5V, TA = + 25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Measured with inputs 0 - 4 = av, inputs 5, 7 = 4.5V, and inputs 6, 8 - 10 = 1av. 
5. Same conditions as Note 5 except input 8 = 4.5V. 
6. Duration of short circuit should not exceed 1 second. 
7. Ice is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State. 
8. Measured 
at VT = VOL + O.5V. 


9. Leakage values are a combination of input and output leakage. 


• 3.0V~---- 
90% 


L J 


10% 


OV -Jsn. 
~ " 
sn.L 


.3.0V~ 
90% 


OV--J- --1- 
10% L 


5ns~ 
-Jsns 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


MEASUREMENTS; 
All circuit 
delays 
are measured 
at the + l.5V 
level 


of inputs 
and outputs. 
unless otherwise 
specified. 


Input Pulses 


SYMBOL 
PARAMETER 


tpD 
Propagation delay between 
input and output. 


too 
Delay between input change 
and when output is off (Hi-Z 
or High). 


tOE 
Delay between input change 
and when output reflects 
specified output level. 


----v: 
~.3V 
I,B ~ 
••.s_V 
*~l_.S_V 
~ov 


LOGIC PROGRAMMING 
OUTPUT POLARITY - (0, 
B) 


PLHS473 logic designs can be generated 


using Signetics' AMAZE PLDdesign software 
s~-=- 
D-o, 
B 


or one of several other commercially avail- 
able, JEDEC standard PLD design software 
packages. Boolean and/or 
state equation 


entry is accepted. 


PLHS473 logic designs can also be generat- 
ed using the program table entry format 
detailed on the following pages. This program 
table 
entry 
format 
is supported 
by the 


Signetics' AMAZE PLD design software (PTP 
module). AMAZE is available free of charge 
to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic equa- 
tions (I, B, 0, P, etc.) is assigned a symbol. 
The symbols for TRUE, COMPLEMENT, IN- 
ACTIVE, PRESET, etc., are defined below. 


s~D--- 
x 1 
O,B 


4" 4" 4" 4" 


I,B 
I,B 
I,B 
1,8 
__ 


1,8 
1,8 
I,B 
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P 
P 
P 
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I 


STATE 
I 
C~OE 
I 
STATE 
I 
CODE 
I 
I 


STATE 


~ 
I 


STATE 
I~ 
DON'T 
CARE~ 
INACTIve' 
0 
I 
I, B 
i, B 


TC02OOl)S 
TC02630S 
TC(2611)S 
TC(l2620S 


Pn STATUS 


ACTIVE 


VIRGIN 
STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 


1. 
All outputs are at "L" 
polarity. 


2. 
All Pn terms are enabled in the AND 
array. (Don't Cares) 


3. 
All Pnterms are inactive in the OR array. 
+O-s 


I 
Po STATUS 
I 
CODE 
I 


INACTIVE 
1 
I 
• 
I 


NOTES: 
1. This is the initial unprogrammed state of all links. All unused Pn and On terms must be programmed as 
INACTIVE. 
2. Any gate Pn will be unconditionally inhibited if the True and Complement of either input (lor B) are both 
programmed for a connection. 
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DR 
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----------+---------- 
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Programmable Logic Devices 


DESCRIPTION 
The PLHS473S is a two level logic device 
consisting of 24 AND gates and 22 OR 
gates with fusible link connections for 
programming 
1/0 polarity and direction. 
The Signetics state-of-the-art 
Oxide- 


Isolated Bipolar process is used to pro- 
duce performance not yet 
achieved in 


devices of this complexity. 


The PLHS473 has an enhanced drive 
capability of 24mA. This, coupled with the 
fact that it can drive both 30pF and 200pF 
loads, allows it to be directly connected to 
an external bus. 


All AND gates are linked to 11 input pins, 
9 bidirectional I/O pins, and 2 dedicated 
output pins. The bidirectional pins are 
controlled via the OR array. Using these 
features, the PLHS473S can be con- 
figured with up to 20 inputs and as many 
as 11outputs. 


The AND array input buffers provide both 
the True and Complement of the inputs 
(Ix) and the bidirectional signals (Bx) as 
programmable connections to the AND 
gates. All 24 AND gates can then be 
optionally linked to all 22 OR gates (a 
feature known as Product Term sharing, 
not found in PALs® or most macrocell ar- 
chitectures). The OR array drives 11out- 
put buffers which can be programmed as 
ActivEH-ligh for AND-0R 
functions or 


Active-Low 
for AND-NOR functions. In 


addition, the 1/0 configuration of each bi- 
directional pin is individually controlled by 
sum-of-products 
(AND-0R) 
function 


which may also contain any of the 24 AND 
gate outputs. This allows dynamic 
1/0 


configuration of all 9 bidirectional pins. 


The PLHS473S is field-programmable 
using 
Vertical 
Avalanche 
Migration 


Programmed (VAMpTM)fuses to program 
the cells. This enables the generation of 
custom logic patterns using standard pro- 
gramming equipment. 


PLHS473S 
Programmable 
Logic Array 
(20 x 24 x 11) 


Order codes for this device are contained 
in the pages following. 


FEATURES 


• 110 propagation 
delay: 


25ns (max) @ 30pF 
35ns (max) @ 200pF 


• Field-programmable 
.11 dedicated inputs 


• 2 dedicated outputs 


• 9 bidirectional 
1/0 lines 


• 24 product terms 


• 22 OR gates 


• 110 direction 
decoded In OR array 


• Output Enable decoded in OR array 


• Power dissipation: 
700mW (typ) 


• Enhanced drive capability 
of 24mA 


• security 
fuse 


• Programmable 
as 3-State or Open- 
Collector outputs 


• TIL compatible 


APPLICATIONS 


• Random logic 


• Bus Interface 


• Code Converters 


• Function generators 


• Address mapping 


• Multiplexing 
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NOTES: 
1. AI unprogrammed 
or virgin 
'AND' 
gate locations 
are pulled 
to logic -1-. 


2. 
AI unpcogranmed 
Of virgin 
'OR' gate 
kx:ations 
are pulled 
to logic "0". 
3. 
Programmableconnection. 


( 
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DESCRIPTION 
ORDER CODE 


24-pin Plastic DIP; 
PLHS473SN 
(300mil-wide) 


2B-Pin Plastic Leaded Chip Carrier 
PLHS473SA 
(450mil-wide ) 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
+7 
VDC 


VIN 
Input voltage 
+5.5 
VDC 


VOUT 
Output voltage 
+5.5 
VDC 


I'N 
Input currents 
-30 to +30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
o to +75 
°c 


TSTG 
Storage temperature range 
-65 to +150 
°c 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


TYPICAL 
LOGIC FUNCTION: 


ATOUTPUTPOlARITY = H 


z= PO + P1 + P2 ... 


ATOUTPUTPOlARITY = l 


z= PO.Pl 
+ Pi •... 


z=PO·l'1·!'2· 
... 


NOTES, 


1. 
Foreacholthe 
11 OUlputs.9~h9rlunetionZ(Adiv&- 


~~geh~~~i~A~~~~r:~y 
~;~~I~~~~i~~~ 


2. ~~t'B~ 
~~~e: 
.. 
are user defined 
oonnedions 
to fixed 
inputs 
(I). fixed 
output 
pint; (0) and bidirectional 
pins 
(B). 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ' 
Max 
UNIT 


Input yoltage2 


VL 
Low 
Vcc = MIN 
0.8 
V 


VH 
High 
Vce~ MAX 
2.0 
V 
Vc 
Clamp3 
Vce = MIN, I'N =-12mA 
-0.8 
-1.2 
V 


Output Yoltage2 


Vcc = MIN 


VOl 
Low" 
IOL~ 24mA 
0.5 
V 


VQH 
HighS 
IOH=-2mA 
2.4 
V 


Input current 


Vcc ~ MAX 


I'L 
Low 
V1N= 0.45V 
-100 
J.lA 


IIH 
High 
V,N~ 5.5V 
40 
J.lA 


Output current 


Vcc = MAX 


100oFF) 
Hi--Z stateg 
Your = 5.5V 
40 
J.lA 


Your = 0.45V 
-100 
J.lA 


los 
Short circuit 3, 5, 6 
Your = 0.5V 
-15 
-70 
mA 


Ice 
Vce supply current7 
Vcc = MAX 
140 
155 
mA 


Capacitance 


Vce = 5V 


IIN 
Input 
V1N~ 2.0V 
8 
15 
pF 


CB 
1/0 
VB = 2.0V 
10 
15 
pF 


NOTES: 


1. All typical values are at Vcc = 5V. TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. 
Measured with inputs 0 - 4 = OV,inputs 5, 7 = 4.5V, and inputs 6, 8 - 10 + 10V. 
5. Same conditions a Note 4 except input 8 = 4.5V. 
6. 
Duration of short circuit should not exceed 1 second. 
7. 
Ice is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State 


8. 
Measured at Vr = VOL+ 0.5V. 
9. 
leakage 
values are a combination of input and output leakage. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITIONS 
Min 
Typ' 
Max 
UNIT 


tpo 
Propagation delay 
Input± 
Output± 
CL = 200pF 
20 
35 
ns 
2 outputs switching 


toe: 
Output Enable 
Input± 
Output± 
CL = 200pF 
15 
25 
ns 


too 
Output Disable2 
Input± 
Output± 
CL = SpF 
15 
22 
ns 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITIONS 
Min 
Typ' 
Max 
UNIT 


tpo 
Propagation delay 
Input± 
Outpul± 
CL = 30pF 
15 
25 
ns 


toE 
Output Enable 
Input± 
Output- 
CL = 30pF 
15 
22 
ns 


too 
Output Disable2 
Input± 
Output + 
CL = 5pF 
15 
22 
ns 


NOTES: 


1. All typical values are at Vcc = 5V. TA = +25°C. 
2. 
High-to-High impedance tests are made at an output voltage of VOH - O.5V with R, disconnected from +5V, and Low-to-High impedance 
tests are macle at an output voltage of VOL+ O.5V. 


MEASUREMENTS: 
AU cirOJit 
delays 
are 
rTBaSured 
altha 
+ 1.5V 
level 
of 


Inputs and outputs, 
ooleu 
ocherwise 
specified. 


Vcc 


+SV 
<>--r- 
10 
~"~.- 


AND JIG 
I 
I 
R, 
CAPACITANCE 
I 
I 
By 
e>--L- 
11'0 


<>--r- 
BW 


R2~ J 
Cl 


~BX 


BZ 


Ox 


GND 
~ 


SYMBOL 
PARAMETER 


!Po 
Propagation delay between 
input and output. 


Delay between input change 


too 
and when output is off (Hi-Z 
or High). 


Delay between input change 


toE 
and when output reflects 
specified output level 


LOGIC PROGRAMMING 
OUTPUT 
POLARITY 
- (0, B) 


The PLA can be programmed 
by means 01 
Logic programming equipment. 


With Logic programming the AN D/ORlEx-DR 
gate input connections necessary to implement 
the desired logic function are coded directly 
from logic equations using the Program Table 
on the following page. 


In this table, the logic state 01variables I, P and 
B, associated with each Sum Tenn S is as- 
signed a symbol which results in the proper lus- 
ing pattem of corresponding 
links, defined as 


follows. 


~ 


I'B 
~I'B 
~I'B 
~"B 


~B 
~B 
I,B 
I,B 
I,B 
~B 
I,B 
I,B 


p 
p 
p 
p 


I 


STATE 
~_E 


DON'T 
CARE' 
c::=:::::=::=J 


I 
Pn STATUS 
I 
INACTIVE' 
I 
CODE 
I 
I 
• 
I 


VIRGIN 
STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at "L" polarity. 
2. All Pnterms are enabled. (Don't Cares.) 
3. All Pn terms are inactive on all outputs. 


NOTES: 
1. This is the initial unprogrammed state 01all links. 
2. Any gate Pnwill be unconditionally inhibited il the true and complement of either input (lor B) 


are both programmed for a connection. 


AND 
I 
OR 


CUSTOMER NAME 
----------+---------- 


PURCHASE ORDER # 
I 
IACTIVE 
IAL 


INACTIVE 
10 
I 
I'NACTIVE 
I • 1 
8 
(0) 
SIGNETICS DEVICE # 
CF (XXXX) 
I 
1,8 
IN 
•...--------- 
CUSTOMER SYMBOLIZED 
PART # 
i,§ 
1,8(1) I 
CONTROl 
Il 
1---------- 
TOTAL NUMBER OF PARTS 
I IlftGN 
! N I (POl) 
DON'T CARE 1- 
PROGRAM TABLE # 
REV ___ 
DATE 


: 
IlOW 
Il r 
POlARm 
I 
I I 
I I 
I I 
I I I 


T 
AND 
T 
OR 
E 
I 
B (I) 
~ 
E 
D 
0 
8(0) 
R 
M 
10 • • 
7 • 
S • 
3 
2 
I • • 
7 • 
S • 
3 
2 
, • 
M 
8 
A • 
7 • 
S • 
3 
2 
1 • 
8 
A • 
7 • • • 
8 
2 
1 • 
• 
• 
I 
I 


2 
2 
3 
3 
• 
• 
S 
S 
• 
• 
7 
7 
• 
• 
• 
• 
I. 
,. 
" 
" 
" 
" 
13 
13 
" 
" 
IS 
I. 


" 
" 
17 
17 
I. 
I. 
" 
to 


2. 
20 


21 
21 


22 
22 


23 
23 


PIN " ,. • • 
7 
• 
S • 
3 
2 
I 
23 
22 
21 
2. 
17 
" ,. " 
13 
to I. 
23 
22 
21 
20 
11 1. " " 


13 


NOTES: 
~:~u:h' 
~'~~n~ 
~~~':rrC:~I.t 
"' 
3. : ~8~:'~-~n~:: 
~rg~I~' 
(8, 0)n tM 
2c 
virgin Itale. 
z 
.. 
Unused prodUd 
terl'M In the AND array 
must be prograrnrntdu 
INACTIVE. 


"'tl 
!0- 
r 
"'D 
lQ 
:J 
:P 
~ 
~. 
"'tl 
0 
:D 
(Q 
'll 
0 
~ 
a 
C> 
I» 
lQ 
:D 
3 
iil 
:P 
3 
3: 
3 
3 
III 
~ 
I» 
sz: 
C" 
cor 
1JI 
CD 
.8 
rm 
o' 
r- 
0 
0 
co 
(Q 
~. 
'" 
0» 
~~ 
I»'<- 
I\) 
0x 
I\) 
~x~~- 


Signetics 


Application 
Specific 
Products 


• Series 
28 


DESCRIPTION 


The 
PLS100 
(3-state) 
and 
PLS101 


(Open Collector) 
are bipolar, fuse 
Pro- 


grammable 
Logic Arrays (FPLAs). Each 


device 
utilizes 
the 
standard 
AND/OR/ 
Invert architecture 
to directly implement 


custom 
sum of product 
logic equations. 


Each 
device 
consists 
of 
16 dedicated 
inputs 
and 
8 dedicated 
outputs. 
Each 
output is capable of being actively con- 
trolled 
by any or all of the 48 product 


terms. The True, Complement, 
or Don't 


Care condition 
of each of the 16 inputs 


can be ANDed together to comprise one 
P-term. All 48 P-terms can be selectively 
ORed to each 
output. 


The PLS100 and PLS101 are fully TTL 
compatible, 
and chip enable control 
for 


expansion 
of input variables 
and output 
inhibit. They feature either Open Collec- 
tor or 3-state outputs for ease of expan- 
sion of product terms and application 
in 


bus-organized 
systems. 


Order codes 
are listed in the Ordering 


Information 
Table. 


PLS100jPLS101 
Field-Programmable 
Logic 
Array (16 X 48 X 8) 


Signetics 
Programmable 
Logic 
Product 
Specification 


FEATURES 


• Field-Programmable 
(Ni-Cr 
link) 


• Input 
variables: 
16 
• Output 
functions: 
8 
• Product 
terms: 
48 
• I/O 
propagation 
delay: 
50ns 
(max.) 


• Power 
dissipation: 
600mW 
(typ.) 
• Input 
loading: 
-100IiA 
(max.) 


• Chip 
Enable 
input 
• Output 
option: 


- PLS100: 
3-State 
- PLS101: 
Open-Collector 


• Output 
disable 
function: 


- 3-State: 
Hi-Z 
- Open-Collector: 
High 


APPLICATIONS 


• CRT display 
systems 
• Code 
conversion 
• Peripheral 
controllers 
• Function 
generators 
• Look-up 
and 
decision 
tables 


• Microprogramming 
• Address 
mapping 
• Character 
generators 
• Data 
security 
encoders 


• Fault 
detectors 
• Frequency 
synthesizers 
• 
16-bit 
to 
8-bit 
bus 
interface 
• Random 
logic 
replacement 


: 
;~ 
TYPICAL 
CONNECTION 


Vcc 


18 


I. 


110 


111 


1'2 


'13 
I,. 


1'5 


" 


CE 


'. 
'. 


'5 
., 


'. 
'2 


GND 
'3 


COO.28~S 


t Fuse Enable 
Pin: It is recommended 
that this pin 
either 
be left open or connected 
to ground 
dutlng 
normal 
operation. 


[!}---l[ 


• 
I:) 


[fr 
;;r 


~ 
ffi---.l> 


@---;[ 


ill----![ 


2 
l) 
§----;t 


~ 
~ 
~ 
§--l[ 


22 
l) 


~ 
~ 


I 
50 


~I 


~ 
f--J 


I 
Xo 


. 
~ 
5, 


I 
I 
! II 


! 
~ 
I--J 


X, 


I 
. 


~~ 


X2 r--' 


53 
~ 
I--J 


X3 


5. 
--t..r-::p 


X. 


~5S 


Xs I--J 


5. 


I 


Xaf--J 
~ 57 
~ 
X7 f--J 
47 •••••• 
40 
38- 
••••• 
32 31 ••••• 
·24 
23 •••••• 
16 15 •• 
• • • • a 
7 •••• 
• 
• 
0 


- 


NOTES: 
1. All AND gate 
inputs 
with a blown link float to a logic "1" 
2. All OR gate 
inputs 
with a blown fuse float to logic "0". 
3. 
Programmable connection. 


D----q---@ 
F 1 


I 
I 


~F2 


I 


I 
D---t---£J 
F3 


I, 


~F4 


I, 


~FS 


I 
I 


~F6 


I 
I~: 


~CE 


Field-Programmable Logic 
Array (16 x 48 x 8) 


DESCRIPTION 
TRI-STATE 
OPEN·COLLECTOR 


2B-pin Plastic DIP 600mil-wide 
PLS100N 
PLS101N 


2B-pin Plastic Leaded Chip Carrier 
PLS100A 
PLS101A 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V1N 
Input voltage 
+5.5 
Voc 


Vo 
Output voltage 
+5.5 
Voc 


IIN 
Input current 
±30 
mA 


lOUT 
Output current 
+100 
mA 


TA 
Operating temperature 
range 
o to +75 
·C 


TSTG 
Storage temperature 
range 
-65 
to + 150 
·C 


NOTE: 
1. Stresses above those listed may cause malfunction 
or permanent 
damage to the device. This is a stress 
rating only. Functional 
operation at these or any other conditions 
above those indicated in the operational 


and programming 
specification 
of the device 
is not implied. 


Input voltage2 


VIH 
High 
VIL 
Low 
VIC 
Clamp2. 3 


Output yoltage2 


Vcc ~ Max 
Vcc = Min 


Vcc ~ Min. IIN~ -12mA 


High (PLS100)4 
LowS 


Vcc ~ Min 
IOH~ -2mA 
IOL~ 9.6mA 


VIN ~ 5.5V 
VIN = 0.45V 


CE = High. Vcc = Max 
VOUT~ 5.5V 
VOUT~ 0.45V 


CE = Low. VOUT= OV 


Vcc ~ Max 


Short circuit (PLS100)3. 6 


Vcc supply current7 


Input 
Output 


CE = High. Vcc = 5.0V 
VIN ~ 2.0V 
VOUT= 2.0V 


The 
PLS100 device 
is also 
processed 
to 


military requirements 
for operation over the 
military temperature range. For specifications 
and ordering 
information 
consult 
the 


Signetics Military Data Book. 


TEMPERATURE 


Maximum junction 
150·C 


Maximum ambient 
75·C 


Allowable 
thermal rise 
ambient to junction 
75·C 


UNIT 


V 
V 
V 


V 
V 


JJA 
JlA 


1 
40 
JJA 
-1 
-40 


-15 
-70 
mA 


120 
170 
mA 


pF 
pF 


Field-Programmable 
logic 


Array (16 X 48 X 8) 


SYMBOL 
PARAMETER 
TO 
FROM 


delay 


tpD 
Input 
Output 
Input 


tCE 
Chip 
enable 
Output 
Chip 
enable 


tCD 
Chip 
disable 
Output 
Chip 
enable 


NOTES: 
1. All values are at Vcc = 5V, TA = + 25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one pin at a time. 
4. Measured with V1L applied to CE and a logic high stored. 
5. Measured with a programmed logic condition for which the output test is at a low logic level Output sink current is applied through a resistor to Vcc. 
6. Duration of short circuit should not exceed 1 second. 
7. Ice is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open. 


LOGIC 
PROGRAMMING 
PLS100/PLS1 01 logic designs can be gener- 
ated using Signetics' AMAZE PLD design 


software 
or one of several 
other commercially 
available, JEDEC standard PLD design soft- 
ware packages. Boolean andlor 
state equa- 


tion entry is accepted. 


PLS100/PLS1 01 logic designs can also be 
generated using the program table entry for- 
mat detaiied on the following pages. This 
program table entry format is supported by 
the Signetics' AMAZE PLD design software 
(PTP module). AMAZE is available free of 
charge to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic equa- 
tions (I, B, 0, P, etc.) is assigned a symbol. 
The symbols for TRUE, COMPLEMENT, IN- 
ACTIVE, PRESET, etc., are defined below. 


" AND" 
ARRAY - (I) 


NOTES: 
1. This 
is the 
initial 
unprogrammed 
state 
of all 
link pairs. 
It is normally 
associated 
With 
all unused 
(inactive) 
AND 
gates 
Pn. 


2. Any gate Pn will be unconditionally inhibited if anyone 
of its (I) link pairs is left intact. 


Field-Programmable Logic 
Array (16 x 48 x 8) 


<>---- 
00 
vcc 
I 
I 
I 
'0 
I 
OUT 
I 
I 
F7 


0----- 
115 


<>---- cr: 
GNO 


+5v-!.n~ 


-=- 
-=- 
(INCLUDES 
SCOf>f 
AND 
JIG 


CAPACITANCE) 


TC01M1S 


+3'OV~---- 
90% 


L J 


10% 


OV -Jsns 
t,. 
It 
5n51= 


+3'OV~ 
90% 


OV--J---I- 
10% L 
Snsl--- 
--Jsns 


MEASUREMENTS: 
All circuit 
delays 
are 
measured 
at the + 1.5V 
level 
of inputs and outputs, 
unless 
otherwise 
specified. 


Input Pulses 


SYMBOL 
PARAMETER 


tCE 
Delay between beginning of 
Chip Enable low (with Input 
valid) and when Data Output 
becomes valid. 


tCD 
Delay between when Chip 
Enable becomes High and 
Data Output is in off state 
(Hi-Z or High). 


tpD 
Delay between beginning of 
valid Input (with Chip Enable 
Low) and when Data Output 
becomes valid. 


VIRGIN 
STATE 
The PLS100/101 virgin devices are factory 
shipped in an unprogrammed state, with all 
fuses intact, such that: 


1. 
All Pnterms are disabled (inactive), in the 
AND array. 


2. 
All Pn terms are active in the OR array. 


3. 
All outputs are active-High. 


Field-Programmable Logic 
Array (16 x 48 x 8) 
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~~ 
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Series 
20 


PLS155 


PLS157 


PLS159A 


Programmable 
Logic Sequencer 
(16 x 45 x 12); 14MHz 
191 


Programmable 
Logic Sequencer 
(16 x 45 x 12); 14MHz 
202 


Programmable 
Logic Sequencer 
(16 x 45 x 12); 18MHz 
213 


Series 
24 


PLS167/A 


PLS168/A 


PLS179 
PLC42VA12 


Programmable 
Logic Sequencers 
(14 x 48 x 6); 14, 20MHz 
.. 
223 


Programmable 
Logic Sequencers 
(12 x 48 x 8); 14, 20MHz 
.. 
234 


Programmable 
Logic Sequencer 
(20 x 45 x 12); 18MHz 
.... 
245 


CMOS 
Programmable 
Logic Sequencer 


(42 x 105 x 12); 25MHz 
256 


Series 
28 


PLC415-16 
Programmable 
Logic Sequencer 
(17 x 68 x 8); 16MHz 
..... 
275 


PLS105/A 
Programmable 
Logic Sequencers 
(16 x 48 x 8); 14, 20M Hz .. 
294 


PLUS105-40 
Programmable 
Logic Sequencer 
(16 x 48 x 8); 40MHz 
305 


PLUS105-55 
Programmable 
Logic Sequencer 
(16 x 48 x 8); 55MHz 
317 
PLUS405-37/-45 


Programmable 
Logic Sequencers 
(16 x 64 x 8); 37, 45MHz 
.. 
329 


PLUS405-55 
Programmable 
Logic Sequencer 
(16 x 64 x 8); 55MHz 
..... 
344 
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Product Specification 


Programmable Logic Devices 


DESCRIPTION 
The PLS155 is a 3-State output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
TheseJ-K flip-flops are dynamically con- 
vertible to D-lype via a "fold-back" invert- 
ing buffer and control gate Fe. h features 
4 registered I/Ooutputs (F) in conjunction 
with 8 bidirectional I/O lines (8). These 
yield variable I/O gate and register config- 
urations via control gates (0, L) ranging 
from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13control AND gates, and 21 
OR gates with fusible link connections for 
programming I/Opolarity anddirection. All 
AND gates are linked to 4 inputs (I), bi- 
directional VO lines (8), internal flip-flop 
outputs (Q), and Complement Array out- 
put (C). The Complement Array consists 
of a NOR gate optionally linked to all AND 
gates for generating 
and propagating 
complementary AND terms. 


PLS155 
Field-Programmable 
Logic 
Sequencer 
(16 x 45 x 12) 


FEATURES 


• fMAX = 14MHz 
- 1802MHzclock rate 


• Fleld-Programmable 
(Ni-Cr link) 


• 4 dedicated inputs 


• 13 control gates 


• 32 AND gates 


.21 
OR gates 


• 45 product terms: 
- 32 logic terms 
- 13 control terms 


.8 
bidirectional 
I/O lines 


.4 
bidirectional 
registers 


• J-K, T, or D-type flip-flops 


• Asynchronous 
Preset/Reset 


• Complement Array 


• Active-High 
or -Low outputs 


• Programmable OE control 


• Positive edge-triggered 
ciock 


• Input loading: -1 OO~ 
(maxo) 


• Power dissipation: 
750mW (typo) 


• TTL compatible 


• 3-State outputs 


PIN CONFIGURATIONS 


N Package 


Ycc 


87 


••• 


F3 


F2 


F, 


FO 


85 


8. 


GNO 


A Package 


••• 


F3 


F2 


F, 


Do 


83 GHO OE 
84 
85 


APPLICATIONS 


• Random sequential logic 


• Synchronous 
up/down counters 


• Shift registers 


• Bidirectional 
data buffers 


• Timing flmction 
generators 


• System controllers/synchronizers 


• Priority encoder/registers 


Philips Components 


PHILIPS 


On~hipT/CbufferscoupleeitherTrue(l, 
B, a) 


or Complement (T, B, n,C) input polarities to all 
AN D gates, whose outputs can be optionally 
linked to all OR gates. Any of the 32 AND gates 
can drive bidirectional 
I/O lines (B), whose 


output polarity is individually 
programmable 


through a set of Ex-DR gates for implementing 
AND-oR 
or AND-NOR 
logic functions. Simi- 


larly, any of the AN D gates can drive the J-K 


inputs of all flip-flops. The Asynchronous Pre- 
set and Reset lines (P, R), are driven from the 
OR matrix. 


All flip-flops 
are positive edge--triggered and 
can be used as input, output or I/O (forinterfac- 
ing with a bidirectional data bus) in conjunction 
with load control gates (L), steering inputs (I), 


(B), (a) and programmable output select lines 
(E). 


The PLS155 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed in the Ordering Informa- 
tion Table. 
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kCK' 


~lJl 
1 
,. 


31° ••••• 
24 23· 
•••• 
'1 
1·· 
•••• 
. ..... 
I 
T 
K 
CK' 


NOTES: 
1. All OR 
gate 
Inpuls with a blown 
link float 10 logic "0". 
2. All other 
gates 
and 
control 
mputs with a blown 
Imk float 10 logic "1" 
3. 
denotes 
WIRE·OR. 


4 
Programmable connection 


VIRGIN STATE 
FLIP-FLOP TRUTH TABLE 


The factory shipped virgin device contains all 
fusible links intact, such that: 
1. OE is always enabled. 


2. 
Preset and Reset are always disabled. 


3. 
All transition terms are disabled. 


4. All flip-flops are in D-mode unless other- 


wise programmed to J-1<only or J..-Kor D 
(controlled). 


5. All B pins are inputs and all F pins are 


outputs unless otherwise programmed. 
~3R 
STATEREGISTER 


~Sn+' 


SETClo:.!o = (0, . o,·o,·~)·X·B·C 
... 


Ko=" 


RESET0,: J,." 
K,. (03'0,' o,·~) 
'X' B' c ... 


HOLD 
02: 
J2 =" 
K2;:O 


TOGGLEo,: Jp(o, 
'0,' 
0, .~). 
X 'B' 
c 
. 
Kp 
(0,' 
O:z. 0, . 00> . X . B . C 
. 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


OE 
L 
CK 
P 
R 
J 
K Q 
F 


H 
Hi-Z 


L 
X 
X 
H 
L 
X 
X 
H 
L 
L 
X 
X 
L 
H 
X 
X 
L 
H 


L 
L i 
L 
L 
L 
L a 
0 


L 
L i 
L 
L 
L 
H 
L 
H 


L 
L i 
L 
L 
H 
L 
H 
L 


L 
L i 
L 
L 
H 
H 0 
a 


H 
H i 
L 
L 
L 
H 
L 
W 


H 
H i 
L 
L 
H 
L 
H 
L· 


+10V 
X 
i 
X 
X 
L 
H 
L 
w· 


X 
i 
X 
X 
H 
L 
H 
L·· 


NOTES: 
1. Positive Logic: 


J-K=To+ 
T, + T2 ......••••••..••.. 
T3, 
Tn = 'C. (10", 
. 12... ). (00' a, ...). (Be 


. B,· ... ) 
2. i denotes transition from Low to High level. 
3. X = Don't care 
4. • = Forced at Fnpin for loading the J..-Kflip- 


flop in the Input mode. The load control 
term, Lnmustbeenabled(HIGH}andthe 
p- 


terms that are connected to the associated 
flip-flop 
must be forced LOW (disabled) 
during Preload. 
5. At P = R = H, a = H. The final state of a 
depends on which is released first. 


6. 
•• 
= Forced at Fn pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 


DESCRIPTION 
ORDER CODE 


2(}-Pin Plastic DIP (300mil-wide) 
PLS155N 


2(}-Pin Plastic Leaded Chip Carrier 
PLS155A 


RATINGS 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V'N 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


I'N 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
-<>5 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


Vcc = Max 
Vce = Min 
Vcc = Min, IIN = -12mA 


Vce = Min 
IOH=-2mA 
IOL = lOmA 


Vcc = Max 


VIN = 5.5V 


V1N =0.45V 


Vcc = Max 


VOUT= 5.5V 


VOUT= 0.45V 


VOUT= OV 


Vcc = Max 


Short circuit3, 7 


Vce supply current" 


Input 
Output 


Vce = 5.0V 
VIN =2.0V 
VOUT= 2.0V 


C1N 
COUT 


NOTES: 


1. All typical values are at Vce = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. 
Test one at a time. 
4. 
Ice is measured with the OE input grounded, all other inputs at4.5V and the outputs open. 
5. 
Leakage values are a combination of input and output leakage. 
6. 
Measured with V1Happlied to OE. 
7. 
Duration of short circuit should not exceed 1 second. 


UNIT 


V 
V 
V 


V 
V 


<1 
80 
~ 
-10 
-100 
~ 


1 
80 
~ 


-1 
-140 
~ 
-15 
-70 
mA 


150 
190 
mA 


pF 
pF 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST CONDITION 
Min 
Typ' 
Max 
UNIT 


Pulse width 


leKH 
CIo<:l\2High 
CK+ 
CK- 
CL = 30pF 
25 
20 
ns 


leKL 
CIo<:l\Low 
CK- 
CK+ 
CL = 30pF 
30 
20 
ns 


leK? 
Period 
CK+ 
CK+ 
CL = 30pF 
70 
50 
ns 


tpRH 
Preset/Reset pulse 
(I,B)- 
(I,B) + 
CL = 30pF 
40 
30 
ns 


Setup timeS 


tIS' 
Input 
(I,B)± 
CK+ 
CL = 30pF 
40 
30 
ns 


tlS2 
Input (through Fn) 
F± 
CK+ 
CL = 30pF 
20 
10 
ns 


tlS3 
Input (through 
(I,B)± 
CK+ 
CL = 30pF 
65 
40 
ns 
Complement Array)' 


Hold time 


tlHl 
Input 
(I,B)± 
CK+ 
CL = 30pF 
0 
-10 
ns 


tIH2 
Input 
F+ 
CK+ 
CL = 30pF 
15 
10 
ns 


Propagation 
delays 


leKO 
Clocl< 
CK+ 
F± 
CL = 30pF 
25 
30 
ns 


toE, 
Output enable 
OE- 
F- 
CL = 30pF 
20 
30 
ns 


100, 
Output disable3 
OE+ 
F+ 
CL = 5pF 
20 
30 
ns 


tpo 
Output 
(I,B)± 
B± 
CL = 30pF 
40 
50 
ns 


toE2 
Output enable 
(I,B) + 
B± 
CL = 30pF 
35 
55 
ns 


toD2 
Output disable3 
(I,B)- 
B+ 
CL = 5pF 
30 
35 
ns 


tpRo 
Preset/Reset 
(I,B) + 
F± 
CL = 30pF 
50 
55 
ns 


NOTES: 
1. Aillypical 
values are at Vcc = 5V, TA = +25°C. 
2. To prevent spurious clocl<ing, dock rise time (10% - 9O%).s;10ns. 
3. 
Measured at VT = Vex + 0.5V. 


4. When using the Complement Array IcKP= 95ns (min). 
5. 
Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
6. 
For test circuits, waveforms and timing diagrams see the following pages. 


MEASUREMENTS: 
All circuit 
delays 
are measured 
at the + 1.5V level 


of i~s 
and outputs, 
unless a1herwise spedtied. 


TEST LOAD CIRCUIT 


vcc 


loa-,-- 
.Sv 


By 
~~~'- 
I 
AND JIG 


I 


R, 
CAPACITANCE 


In o--l- 


BZ 


BW~ 
FO 


BX o--l--- 
Fn 
R2-=- ICL 


CKe:>--- 
OE 


-=- 


.:IV 


ov 


.:IV 


1.5V 


OV 


VOH 


VOL 


.:IV 


OV 


i------------------------ 
.:IV 


(INPU~: 
1.5V·------------------------OV 


I,-~ 
tp~ 
r-------~-- 
VOH 


~.~ 
~ 
VT 
.f= 'oE2 
,Lt002 
VOL 
~c:TB~~~~~~~~~~~_-_-_-oI10vE 
::v 


SYMBOL 
PARAMETER 


teKH 
Width of input clock pulse. 


teKL 
Interval between clock pulses. 


teKP 
Clock period. 


tpRH 
Width of preset input pulse. 


Required delay between 
t,s, 
beginning of valid input and 
positive transition of clock . 


Required delay between 


t'52 


beginning of valid input forced 
at fti~ftop 
output pins. and 
positive transition of clock. 


Required delay between 


t'H' 
positive transition of cloclk and 
end of valid input data . 


Required delay between 


t'H2 
positive transition of cloclk and 
end of valid input data forced 
at fti~ftop 
output pins. 


Delay between positive 


tcKO 
transition of clock and when 
outputs become valid (with 
OELow). 


Delay between beginning of 


toE, 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 


toOl 
Output Enable High and 
when outputs are in the 
OFF-5tate. 


Propagation delay between 


tpo 
combinational inputs and 
outputs. 


Delay between predefined 


toE2 
Output Enable High. and 
when combinational outputs 
become valid. 


Delay between predefined 


lo02 
Output Enable Low and when 
combinational outputs are in 
the OFF-5tate. 


Delay between positive 
transition of predefined 
tpRO 
Preset/Reset input. and 
when flip-flop outputs 
become valid. 


• The leading edge of preset/reset 
must occur only when the input clock is "low' 
and must remain "high" 
as long as 
required 
to override 
clock. 
The falling 
edge of preset/reset 
can never go "low' 
when 
the input clock 
is "high" 


Asynchronous Preset/Reset 


LOGIC PROGRAMMING 
PLS155 logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of 
several 
other 
commercially 
available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLSl55 
logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format 
is supported 
by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, P,etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. 


¢". ¢". ¢". ¢". 


~~a 
___ 
1,8,0 
___ 
~~a 
___ 
I,B,o 
___ 
1,8,0 
1,8,0 
1,8,0 
1,8,0 


(T, Fc,l, 
P, R, Dln 
(T, FC, l, P, R, Dln 
(1; FC, l, P, R, Dln 
(T, FC, l, P, R, Dln 
I 
STATE 
I 
CODE I 
I 


STATE I~ 
I 


STATE 8 
I 


STATE t=j 
r 
INAcnVE1,2 
I 
0 
I 
1,8,0 
1,8,0 
DON'TCARE 


100·100· 


lAC; 0 


~Q 


~ 


~_;OGGL_C_T1O_:__ 
~ 


----l-.r->- 
P, R, S 


I 
~ 
(ORB) 


~Q 


~ 


__ 
A_~_nON 
~ 


----l-.r->- 
P, R, S 
I 
~ 
(ORB) 


__ 
AR_cES_no_E~_~t=d 


S-----\?L>- 
B 


POLARITY 


lOW 
I~ 


POLARITY 


HIGH 


~~ 
~~ 
~~ 
~~ 


En 
En 
En 
En 


I 


ACT10N 
I 
C:C 
E 
I 
I 


ACnON 
I 
C~E 
I 
I 
AcnON 
I 
CODE 
I 
I 


ACTlON 
I 
C~DE 
I 
IDlE1,4 
CONTROl 
I 
ENABLE' 
I 
• 
I 
DISABLE 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fe, l, P, R, D)nwill be unconditionally inhibited if both of the I, B, or a links are left intact. 
3. 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn, Fe. 


4. 
En = 0 and En = • are logically equivalent states, since both cause Fnoutputs to be unconditionally enabled. 
5. 
These states are not allowed for control gates (l, P, R, D)n due to their lack of "OR" array links. 


AND 
OR 
I 
CONTROL 
-------r-----i--------- 


:~:,C;IVE 
: 
1,8(1),:1 
:C:;:~VE 
: 
I 
P·l~':8~~l,1 
I ~:: 0' 0 I: 1 F,r MODE 


1,8.0 
I L 
Dt") 
I 
I 
(conlron.df 


oo.n 
CARe 
- 
I 
I 


I 
TOGGLE 
0 
I 


c 
I 
SET 
H 
IO"JIKI 
I 
I 
RESET 
l 
I 
I 
HOLD 
- 
I 


-----1 
I 
I 
I 
I 
I 
: 


NOTES 
1 
The FPLS IS shipped 
with 
alll1nk,s 
IOtact. Thus aback- 


ground 
of entries 
corresponding 
to states 
of virgin 


links 
exiStS ,1'1the table, shown 
BLANK 
for Clarity 


2 
PrOdram unused 
C.I. 
B. and a bilS In the AND array as 
(-). 
Program 
unused 
C, B. P, and R bils 
in the OR 


array 
as (-) 
or (A), as applicable 
3 
Unused Terms can be left blank 


4. a (P) and Q (N) are respeClIvely 
the present 
and next 


slales 
01 fllp.llOps 0 


£8 
e. I 
I 
I 
I 
I I I I I I I 


ffiffij 


,eH 
H 


,POll 
lOW 
l 


I 
FIr 
MODE 


I 
I I I 


T 
AND 
OR 
E 


1 
B(') 
O{P) 
O{N) 
P 
R 
B(O) 
Cf) 
R 
C 
0 
•• 
3 
2 , 
0 
7 
6 
5 
.'3 
2 
1 
0 
3 
2 , 
0 
3 
2 
1 
0 
B 
A 
B 
A 
7 
6 
5 • 
3 
2 
1 
0 
t= 
0 
I 
WZ 
I 
: 
Cl 
U5 
2 
, 


>- 
3 
, 


lD 
: 
Cl 
• 
W 
5 
: 
~ 
w 
# 
6 
: 
...J 
0- 
~ 
7 
: 
:E 
a: 
8 
: 
0 
~ 
0 
• 
, 
W 
Cl 
I 


lD 
W 
10 
N 
I 
0 
:J 
" 
~ 
0 
'2 
Z 
lD 
Q 
:E 
Cl 
'3 
~ 
>- 
W 
,. 
a: 
Cf) > 
0 
a: 
jjj 
Cf) 
'5 
: 
0- X 
W 0 ~ 


Cf) 
X 
:E 
w 
Z 
I. 
I 
W 
I 
X 0 a: 
:E 
~ ~ 
W 
17 
~ 
:E 
Cf) ~ 
'8 
LL 
::> 
0 
0 0 
Cl 0 
I. 


20 


I 


2' 


22 


W 
23 
~ 
2. 
« 
Cl 
25 


I 


2. 


27 


> 
28 


Wa: 
29 


30 


3' 


Cf) 
Fe 
~ 
...• 
~a: 
LB 
•.........• 


# 
# ~ 
LA 
a: 
w 
LL 
# 


w 
0 
07 
:E 
W 0 
W 


Cl :> a: 
...J 
06 
« a: 
w 
w 
lD 
Z 0 
Cl 
lD ~ 


05 


a: 
W 
Cf) 
:E 
:E 
04 
W 
Cf) 0 
::> 


:E « t= z « 
03 
0 :r 
...J 
a: 
~ 0 
W ~ 
Cl 
02 
Cf) a: z 
0 
::> 
::> 
S2 0 a: 
01 
0 
Cl. 
Cf) ~ 
Cl. 
OD 


PIN 
5 • 
3 
2 
19 18 13 12 
9 
8 
7 • 
17 16 15 14 
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Programmable 
Logic Devices 


DESCRIPTION 
The PLS157 
is a 3-State 
output, 
regis- 


tered 
logic element 
combining 
AND/OR 


gate 
arrays 
with clocked 
J-K 
flip-flops. 
These J-K flip-flops 
are dynamically 
con- 


vertible to D-lype 
via a ''lold-back" 
invert- 


ing buffer and control gate Fc. It features 
6 registered 
I/O outputs (F) in conjunction 


with 6 bidirectional 
I/O lines 
(8). These 


yield variable 
I/O gate and register config- 


urations 
via control 
gates 
(D, L) ranging 


from 16 inputs to 12 outputs. 


The AND/OR 
arrays 
consist 
of 32 logic 


AND gates, 13 control AND gates, and 21 
OR gates with fusible link connections 
for 
programming 
I/O polarity and direction. All 


AND gates are linked to 4 inputs (I), bidi- 
rectional 
I/O lines 
(8), 
internal 
flip-flop 


outputs 
(0), and Complement 
Array out- 
put (C). The Complement 
Array consists 
of a NOR gate optionally 
linked to all AND 


gates 
for 
generating 
and 
propagating 


complementary 
AND terms. 


PLS157 
Field-Programmable 
Logic 
Sequencer 
(16 x 45 x 12) 


FEATURES 


• fMAX = 14MHz 
- 
18.2MHz 
clock 
rate 


• Field-Programmable 
(Ni-Cr 
link) 


.4 
dedicated 
Inputs 


• 13 control 
gates 


• 32 AND gates 


.21 
OR gates 


• 45 product 
terms: 


- 32 logic 
terms 


- 
13 control 
terms 


.6 
bidirectional 
110 lines 


.6 
bidirectional 
registers 


• J-K, 
T, or D-type 
flip-flops 


• 3-State 
outputs 


• Asynchronous 
Preset/Reset 


• Complement 
Array 


• Active-High 
or -Low 
outputs 


• Programmable 
"DE control 


• Positive 
edge-triggered 
clock 


• Input 
loading: 
-100~ 
(max.) 


• Power 
dissipation: 
750mW 
(typ.) 


• TIL 
compatible 
APPLICATIONS 


• Random 
sequential 
logic 


• Synchronous 
up/down 
counters 


• Shift 
registers 


• Bidirectional 
data buffers 


• Timing 
function 
generators 


• System 
controllers/synchronizers 


• Priority 
encoder/registers 


Philips Components 


PHILIPS 


On~hip 
TIC buffers couple either True (I, B, 0) 


or Complement (T, S, 0, C) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Any of the 32 AND gates 
drives bidirectionalI/O 
lines (B), whose output 


polarity is individually programmable through a 
set of Ex~R 
gates for implementing AN~R 


or AN D-NOR logic functions. Similarly, any of 
the 32 AND gates can drive the J-K inputs of 
all flip-flops. 
The Asynchronous 
Preset and 


Reset lines (P, R), are driven from the ANSD 
array for 4 of the 8 registers. The Preset and 
Reset lines (P, R) controlling the lower four reg- 
isters are driven from the OR matrix. 


All flip-flops are positive edge-triggered 
and 
can be used as input, output or I/O (for interfac- 
ing with a bidirectional data bus) in conjunction 
with load control gates (L), steering inputs (I), 
(B), (0) and programmable output select lines 
(E). 


The PLS157 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed in the Ordering Infonna- 
tion Table. 


FPLS LOGIC DIAGRAM 


• 
(LOOK: TEAU$- n 


~2 
~3 
.. • 
.. • 


F, 


F, 


F, 


F, 


F. 


F, 


B, 


B, 


•••.., 


B. 


B, 


I 


I 
I 
", J. 


I 
I 
•••1 


I 


31-···· 
'24 23-·· 
••• 
16 lS •• 
•••• 
B 7.· 
•••• 
0 F 


NOTES: 
1. All OR gale Inputs 
with a blown link floal 10 logic "0" 
2. All other gates and control mputs with a blown link float 10 logIC "1" 
3. 
tiI denotes 
WIRE·OR. 


4. 
Programmableconnection. 


(CONTROL 
TERMS) 
• 
- 
~ 
OE 


- * 


-CK' 


k.1: 


J 
Q 


K -LCK' 


J 
Q 


T 


K 
-oCK' 


J 
Q 


T 
~CK' 


J 
Q 


T 
~CK' 


VIRGIN STATE 
FLIP-FLOP 
TRUTH TABLE 


The 
factory 
shipped 
virgin 
device 
contains 
all 


fusible 
links 
intact, 
such 
that: 


1. 
OE 
is always 
enabled. 


2. 
Preset 
and 
Reset 
are always 
disabled. 


3. 
All transition 
terms 
are disabled. 


4. 
All flip-flops 
are in D-mode 
unless 
other- 


wise 
programmed 
to J--K only 
or J-K 
or D 


(controlled). 


5. 
All B pins 
are inputs 
and all F pins 
are 


outputs 
unless 
otherwise 
programmed. 
~3R 
STATEREGISTER 


~Sn+, 


SET 00: JO= (0, . u". a, . ~) 
. J; • B . C ... 


lCo =0 


RESET01:Jl 
=0 
K, = (03' u" . a, .~) . J; . B •c ... 


HOLD 
02: 
J2 = 0 


K2= 0 
TOGGLE0,: J3 = (0, . u" . a, .~) 
. J; • B . C 
. 


Kp(o,' 
02' 
O,·~) 
.J;. B· C 
. 


NOTE: 
Similar 
logic 
functions 
are applicable 
for D 


and T mode 
flip-flops. 


OE 
L 
CK 
P 
R 
J 
K a 
F 


H 
Hi-Z 


L 
X 
X 
H 
L 
X 
X 
H 
L 


L 
X 
X 
L 
H 
X 
X 
L 
H 


L 
L 
i 
L 
L 
L 
L a 
0 


L 
L 
i 
L 
L 
L 
H 
L 
H 


L 
L 
i 
L 
L 
H 
L 
H 
L 


L 
L 
i 
L 
L 
H 
H 0 
a 


H 
H 
i 
L 
L 
L 
H 
L 
W 


H 
H i 
L 
L 
H 
L 
H 
L+ 


+10V 
X 
i 
x 
X 
L 
H 
L 
W+ 


X 
i 
x 
X 
H 
L 
H 
L+ + 


NOTES: 
1. 
Positive 
Logic: 


J-K 
= To + T, 
+ T2 ...•.............. 
T3' 


Tn = C· 
(10' 
I, . 12 ... 
). 
(00' a, ...). (So 
. B,· ... ) 


2. i denotes 
transition 
from 
Low to High level. 


3. 
X = Don't 
care 
4. 
+ = Forced 
at Fn pin for loading 
the J-K 
flip- 


flop 
in 
the 
Input 
mode. 
The 
load 
control 
term, 
Lnmustbeenabled(HIGH)andthe 
p- 


terms 
that are connected 
to the associated 
flip-flop 
must 
be 
forced 
LOW 
(disabled) 


during 
Preload. 


5. 
At P = R = H, 0= H. The 
final 
state 
of a 
depends 
on which 
is released 
first. 


6. 
+ + = Forced 
at Fn pin to load 
J-K 
flip-flop 


independent 
of program 
code 
(Diagnostic 
mode), 
3--State 
B outputs. 


DESCRIPTION 
ORDER 
CODE 


2Q--Pin 
Plastic 
DIP (300mil-wide) 
PLS157N 


2Q--Pin 
Plastic 
Leaded 
Chip 
Carrier 
PLS157A 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply 
voltage 
+7 
Vac 


VIN 
Input 
voltage 
+5.5 
Vac 


VOUT 
Output 
voltage 
+5.5 
Vac 


IIN 
Input 
currents 
--30 
+30 
mA 


lOUT 
Output 
currents 
+100 
mA 


TA 
Operating 
temperature 
range 
0 
+75 
°C 


TSTG 
Storage 
temperature 
range 
--65 
+150 
°C 


NOTES: 
1. 
Stresses 
above 
those 
listed 
may cause 
malfunction 
or permanent 
damage 
to the device. 
This 


is a stress 
rating 
only. 
Functional 
operation 
at these 
or any other 
condition 
above 
those 
indi- 
cated 
in the operational 
and 
programming 
specification 
of the device 
is not implied. 


TEMPERATURE 


Maximum 
junction 
150°C 


Maximum 
ambient 
75°C 


Allowable 
thermal 
rise 
75°C 


ambient 
to junction 


High 
Low 
Clamp 


Vcc = Max 
Vcc = Min 
Vcc = Min, IIN= -12mA 


Vcc = Min 
IOH=-2mA 
IOL = 10mA 


VIN = 5.5V 


V1N= 0.45V 


Vcc = Max 


VOUT= 5.5V 


VOUT= 0.45V 


VOUT= OV 


Vcc = Max 


Short circuit3, 7 


Vcc supply current" 


Input 
Output 


Vcc = 5.0V 
V" = 2.0V 
VOUT= 2.0V 


CIN 
COUT 


NOTES: 


1. All typical values are at Vcc = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. 
Test one at a time. 


4. 
Icc is measured with the OE input grounded, all other inputs at4.5V and the outputs open. 
5. 
Leakage values are a combination of input and output leakage. 
6. 
Measured with V1Happlied to OE. 
7. 
Duration of short circuit should not exceed 1 second. 


UNIT 


V 
V 
V 


V 
V 


~ 
~ 


t 
80 
~ 
-1 
-140 
~ 


-15 
-70 
mA 


150 
190 
mA 


pF 
pF 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST CONDITION 
Mln 
Typ' 
Max 
UNIT 


Pulse width 


!eKH 
CIock2 High 
CK+ 
CK- 
CL ~ 30pF 
25 
20 
ns 


!eKL 
Clock Low 
CK- 
CK+ 
CL = 30pF 
30 
20 
ns 


!eKP 
Period 
CK+ 
CK+ 
CL = 30pF 
70 
50 
ns 


tpAH 
Preset/Reset pulse 
(I,B)- 
(I,B) + 
CL = 30pF 
40 
30 
ns 


Setup timeS 


tIS. 
Input 
(I,B)± 
CK+ 
CL = 30pF 
40 
30 
ns 


tlS2 
Input (through F0) 
F± 
CK+ 
CL = 30pF 
20 
10 
ns 


tlS3 
Input (through 
(I,B)± 
CK+ 
CL = 30pF 
65 
40 
ns 
Complement Array)' 


Hold time 


tlH. 
Input 
(I,B)± 
CK+ 
CL = 30pF 
0 
-10 
ns 


tIH2 
Input 
F± 
CK+ 
CL = 30pF 
15 
10 
ns 


Propagation 
delays 


!eKO 
Clock 
CK+ 
F± 
CL = 30pF 
25 
30 
ns 


toE' 
Output enable 
OE- 
F- 
CL = 30pF 
20 
30 
ns 


too, 
Output disable3 
OE+ 
F+ 
CL = 5pF 
20 
30 
ns 


tpo 
Output 
(I,B)± 
B± 
CL = 30pF 
40 
50 
ns 


toE2 
Output enable 
(I,B) + 
B± 
CL = 30pF 
35 
55 
ns 


to02 
Output disable3 
(I,B)- 
B+ 
CL = 5pF 
30 
35 
ns 


tpAO 
Preset/Reset 
(I,B) + 
F± 
CL = 30pF 
50 
55 
ns 


NOTES: 
1. All typical values are at Vcc = 5V, TA = +25°C. 
2. To prevent spurious clocking, clock rise time (10% - 90%),. 
10ns. 


3. 
Measured at VT = VOL+ 0.5Y. 


4. 
When using the Complement Array lcKP = 95ns (min). 
5. 
Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
6. 
For test circuits, waveforms and timing diagrams see the following pages. 


.sv 
JD 


NCLUDES 
SCOPE 
AND JIG 


R1 
CAPACITANCE 


R2-=- J cL 


MEASUREMENTS: 
An circuit 
delays 
are measured 
at the .1.5V 
level 


of if1)uts and outputs, 
unless 
otherwise 
specitied. 


+3V 


ov 


+3V 


1.5V 


OV 


VOH 


VOL 


+3V 


OV 


1~------------------------- 
.3V 


(INPU~~ 
'_.5_V 
OV 


1~-t~P~1 
r---------F 


vOO 


~.~ 
_ 
Vr 
f:- 
toe2 f:'002- 
VOL 


(OUT~~------- 
0: 
iV 
·03 


V 


V 


ENABLE) 
••••. 
_ 
. 
_ 


SYMBOL 
PARAMETER 


!eKH 
Width of input clock pulse. 


!eKL 
Interval between clock pulses. 


!eKP 
Clock period. 


tpAH 
Width of preset input pulse. 


Required delay between 
t,5l 
beginning of valid input and 
positive transition of clock. 


Required delay between 


t'52 


beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 


Required delay between 
t,H. 
positive transition of clock and 
end of valid input data. 


Required delay between 


t'H2 


positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 


Delay between positive 


!eKO 
transition of clock and when 
outputs become valid (with 
Of Low). 


Delay between beginning of 
toE1 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 


toOl 
Output Enable High and 
when outputs are in the 
OFF-State. 


Propagation delay between 
tpo 
combinational inputs and 
outputs. 


Delay between predefined 


toE2 
Output Enable High, and 
when combinational outputs 
become valid. 


Delay between predefined 


to02 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 


Delay between positive 
transition of predefined 
tpAO 
PreseVReset input, and 
when flip-flop outputs 
become valid. 


• The leading edge of preset/reset 
must occur only when the input clock is "tow", 
and must remain "high" 
as long as 


required 
to override 
clock. 
The 
falling 
edge 
of preset/reset 
can never 
go "Iow' 
when 
the input 
clock 
is "high". 


Asynchronous 
Preset/Reset 


--- 


/---=----- 


o ' 
(DIN) 


~ 
,------ 


LOGIC PROGRAMMING 
PLS157 logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of 
several 
other 
commercially 
available. 


JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLS157 logic designs can also be generated 
using the program table enlly format detailed 
on the following pages. This program table 
entry format 
is supported 
by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 


users. 


To implement the desired logic functions. the 
state of each logic variable from logic equations 
(I. B. O. p. etc.) is assigned a symbol. The sym- 
bols for TRUE. COMPLEMENT. 
INACTIVE. 


PRESET. etc.. are defined below. 


¢'" ¢'" ¢'" ¢'" 


L~O 
___ 
L~O 
___ 
L~O 
___ 
~~a 
___ 


I,B,O 
I,B,O 
1,8,0 
I.~O 


(T. Fe. L. p. R. Dln 
(T. Fe. L..p. R. Dln 
(T. Fe. L.. p. R. Dln 
(T, Fe. L, p. R. Dln 


I 
STATE 
I 
CODE 
I 


I 


STATE 
I 
C:DE 
I 
I 


STATE 
I 
C:DE 
I 
I 
STATE 
I CODE 
I 
INACTlVE'·2 
I 
0 
I 
I.B.O 
1. ii.o 
I 
DON'T CARE 
I 
- l 


100' 100' 


lAC: 0 


--l-r->.-- 
p. R, S 


I 
~ 
(ORB) 


I~ 


--l-r->.-- 
P, R. S 


I 
~ 
(ORB) 


POLARITY 


lOW 


POLARITY 


HGH 


~~ 
N~ 
N~ 
N~ 


En 
En 
En 
En 
I c=~td 
I :::. I~ 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fe, L, P, R, D)nwill be unconditionally inhibited if both of the I, B, or a links are left intact 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn, Fe. 


4. 
En = 0 and En = • are logically equivalent states, since both cause Fnoutputs to be unconditionally enabled. 
5. 
These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" array links. 


- 
_ 
~NE.. 
__ 
-j ___ 
...."R___ 
+-- 
CONTROL 
NOTES 
------------1' 


The 
FPLS 
IS shipped 
with 
all 
links 
Intact. 
Ttlus 
a toack· 


jlNACTtVE 
'0 
I 
ACTIVE 
A 
P,R, 6(0), I 
'" 
!. 
ground of entnes corresponding 
to stales of 
II ,rgH'\ 
I 
1··8,Q 
, H 


I,!S(I), 1 


INACTIVE . 
10=0) 
I I :::n~;O~"d);A 


FIF 
MODE 
IIDlE 
0 
links 
eXists 
In the 
laCle, 
shown 
BLANK 
for 
clarity. 


!I,8.o 


" 


alP) 


1 
I CONTROL . 
12 
Program unused C,I, 8. and 0 bits In the AND ana ,as 


I 
I DON'T 
CARE 
i- 
ENABLE 
_, 
EAB 


1 


(-). 
Progr"m 
unused O. B. P, aM 
A bits in the OR 


I 
1 
array as (-) 
or (AI, as applicable 


I 
1 


DISABLE 
13 
Unused Terms can De lett olank 
I INACTIVE 
0 
TOGGLE 
0 
HIGH 
H 
a (Pl and a (N) 
are respectively 
the present and 
1 
(POL) 
I' 
next 
I GENERATE 
A 
'" 


H 
1 
'ow , 
slates 
of 
flip· 
liDOS 
Q 
I PROPAGATE . 
C 
I 
RESET 
, 
(OzJIK) 


I 
I 
I 
FIF MODE 
'. I 
'. 
I 
I 
POLARITY 
I TRANSPARENT 
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Programmable 
Logic Devices 


DESCRIPTION 
The PLS159A 
is a 3-State 
output, 
regis- 


tered 
logic 
element 
combining 
AND/OR 


gate 
arrays 
with 
clocked 
J-K 
flip-flops. 


These 
J-K 
flip-flops 
are 
dynamically 


convertible 
to 
D-type 
via 
a 'iold-back" 


inverting 
buffer and control 
gate Fe. It fea- 
tures 
8 registered 
I/O outputs 
(F) in con- 


junction 
with 4 bidirectional 
1/0 lines (8). 
These 
yield variable 
I/O gate and register 


configurations 
via 
control 
gates 
(D, 
L) 


ranging 
from 
16 inputs to 12 outpuls. 


The 
AND/OR 
arrays 
consist 
of 32 logic 


AND gates, 
13 control 
AND gates, 
and 21 
OR gates with fusible 
link connections 
for 


programming 
I/O polarity 
and direction. 
All 


AND gates 
are linked 
to 4 inputs 
(I), bidi- 


rectional 
I/O 
lines 
(8), 
internal 
flip-flop 


outputs 
(Q), and Complement 
Array 
out- 
put (e). The Complement 
Array 
consists 
of a NOR gate optionally 
linked to all AND 


gates 
for 
generating 
and 
propagating 


complementary 
AND terms. 


PLS159A 
Field-Programmable 
Logic 
Sequencer 
(16 x 45 x 12) 


FEATURES 


• High-speed 
version 
of PLS159 


• fMAX = 18MHz 
- 
25MHz 
clock 
rate 


• Field-Programmable 
(Ni-Cr 
link) 


• 4 dedicated 
inputs 


• 13 control 
gates 


• 32 AND gates 


.21 
OR gates 


• 45 product 
terms: 


- 32 logic 
terms 


- 
13 control 
terms 


• 4 bidirectional 
I/O lines 


.8 
bidirectional 
registers 


• J-K, 
T, or D-type 
flip-flops 


• Power-on 
reset 
feature 
on all 
flip-flops 
(Fn = 1) 


• Asynchronous 
Preset/Reset 


• Complement 
Array 


• Active-High 
or -Low 
outputs 


• Programmable 
"OE control 


• Positive 
edge-triggered 
clock 


• Input 
loading: 
-100~ 
(max.) 


• Power 
dissipation: 
750mW 
(typ.) 


• TTL compatible 


• 3-State 
outputs 


PIN CONFIGURATIONS 


N Package 


vcc 


F7 


F6 


FS 


F. 


F3 


F2 


F, 


Fo 


GND 


A Package 


APPLICATIONS 


• Random 
sequential 
logic 


• Synchronous 
up/down 
counters 


• Sh ift reg isters 


• Bidirectional 
data 
buffers 


• Timing 
function 
generators 


• System 
controllers/synchronizers 


• Priority 
encoder/registers 


Philips Components 


PHILIPS 


On--<:hipTIC buffers couple either True (I, B, 0) 
FLIP-FLOP 
TRUTH TABLE 


or Complement (1,B',0, C) input polarities to all 
AN D gates, whose outputs can be optionally 
linked to all OR gates. Any of the 32 AND gates 
can drive bidirectional 1/0 lines (B), whose out- 
put 
polarity 
is 
individually 
programmable 


through a set of Ex-DR gates for implementing 
AND-DR 
or AND-NOR 
logic functions. Simi- 
larly, any of the 32 AND gates can drive the J-K 
inputs of all flip-flops. 
There are 4 AND gates 
for the Asynchronous Preset/Reset functions. 


All flip-flops 
are positive edge-triggered 
and 


can be used as input, output or 110 (for interfac- 
ing with a bidirectional data bus) in conjunction 
with load control gates (L), steering inputs (I), 
(B), (a) and programmable output select lines 
(E). 


The PLS159A is field-programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


VIRGIN 
STATE 


The factory shipped virgin device contains all 
fusible links intact, such that 
1. DE is always enabled. 


2. 
Preset and Reset are always disabled. 


3. 
All transition terms are disabled. 


4. 
All flip-flops are in D-mode unless other- 
wise programmed to J-K only or J-K or D 
(controlled). 


5. All B pins are inputs and all F pins are 


outputs unless otherwise programmed. 


OE 
L 
CK 
P 
R 
J 
K Q 
F 


H 
Hi-2 


L 
X 
X 
L 
X 
X 
X 
L 
H 


L 
X 
X 
H 
L 
X 
X 
H 
L 
L 
X 
X 
L 
H 
X 
X 
L 
H 


L 
L i 
L 
L 
L 
L 
0 
0 


L 
L i 
L 
L 
L 
H 
L 
H 


L 
L i 
L 
L 
H 
L 
H 
L 


L 
L i 
L 
L 
H 
H 0 
a 


H 
H i 
L 
L 
L 
H 
L 
H" 


H 
H i 
L 
L 
H 
L 
H 
L' 


+10V 
X 
i 
X 
X 
L 
H 
L 
H" 


X 
i 
X 
X 
H 
L 
H 
L" 


NOTES: 
1. Positive Logic: 


J-K = To + T, + T2 •.......••.......• 
T3, 
Tn = C· (10 '1, .12 ... 
). 
(00' a, ...). (80 
. B,· ... ) 


2. i denotes transition from Low to High level. 
3. 
X = Don't care 
4. 
• = Forced at Fnpin for loading the J-K flip- 
flop in the Input mode. The load control 
term, Lnmustbeenabled(HIGH)andthe 
p- 


terms that are connected to the associated 
flip-flop 
must be forced LOW (disabled) 
during Preload. 
5. At P = R = H, a = H. The final state of 0 
depends on which is released first. 


6. 
•• = Forced at Fn pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 


~ 
~R 
PRESENT 
STATE 


STATE REGISTER 
)1;. 8' 
c· 
..• 


~ 
5"., 
NEXT STATE 


SET~:Jo=(O:I' 
02' 
0, '00) 
.)1;. 8' 
c ..• 


Ko=O 


RESET 
01: J1 = 0 
K, = (03'02' 
0, '00) .)1;. 8' 
C ... 


HOlD~:J2=0 


K2 = 0 


TOGGLE 0:1: J3 = (0:1 . 02 . 0, . 00) . )I; ·8· 
c •.. 


Kp(03'02' 
0, '00) ')1;'8' c ... 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


CAUTION: 
PLS159A 
PROGRAMMING 
ALGORITHM 


The programming voltage required to program 
the PLS159A is higher (17.5V) than that re- 
quired to program the PLS159 (14.5V). Conse- 
quently, the PLS159 programming algorithm 
will not program the PLS159A. Please exercise 
caution when accessing programmer device 
codes to insure that the correct algorithm is 
used. 
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NOTES, 
1. All OR gate Inpuls with a blown link float 10 logic "0". 
2. All other gates and control 
inputs with a blown Imk float to logiC ",". 
3. $ denotes 
WIRE-OR. 


4. 
Programmable 
connection. 


DESCRIPTION 
ORDER CODE 


2Q-Pin Plastic DIP (300mil-wide) 
PLS159AN 


2Q-Pin Plastic Leaded Chip Carrier 
PLS159AA 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vce 
Supply voltage 
+7 
Voc 


V1N 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
~5 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


Input voltage' 


V~ 
High 


V1L 
Low 


Vc 
Clamp 


Output voltage' 


Vcc = Max 
Vcc = Min 
Vcc = Min, IIN= -12mA 


Vcc = Min, IOH= -2mA 
IOL= 10mA 


Vce = Max, V1N= 5.5V 


V1N= 0.45V 


Vcc = Max, VOUT= 5.5V 


VOUT= 0.45V 


VOUT= OV 


Vcc ~ Max 


Short circuit3, 5 


Vcc supply current" 


CIN 
COUT 


NOTES: 


1. All typical values are at Vce = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. 
Measured with V1Happlied to OF 


5. 
Duration of short circuit should not exceed 1 second. 


6. 
Ice is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 


7. 
Leakage values are a combination of input and output leakage. 


Input 
Output 
Vcc = 5.0V, V1N= 2.0V 
VOUT= 2.0V 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


UNIT 


V 
V 
V 


V 
V 


j..lA 


j..lA 


1 
80 
j..lA 


-1 
-140 
j..lA 


-15 
-70 
mA 


150 
190 
mA 


pF 
pF 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST CONDITION 
Min 
Typ' 
Max 
UNIT 


Pulse width 


!eKH 
Clock2 High 
CK+ 
CK- 
CL = 30pF 
20 
15 
ns 


!eKL 
Clock low 
CK- 
CK+ 
CL = 30pF 
20 
15 
ns 


!eKP 
Period 
CK+ 
CK+ 
CL = 30pF 
55 
45 
ns 


tPRH 
Preset/Reset pulse 
(I,B)- 
(I,B) + 
CL = 30pF 
35 
30 
ns 


Setup timeS 


tIS. 
Input 
(I,B)± 
CK+ 
CL = 30pF 
35 
30 
ns 


tlS2 
Input (through Fn) 
F± 
CK+ 
CL = 30pF 
15 
10 
ns 


tlS3 
Input (through 
(I,B)± 
CK+ 
CL = 30pF 
55 
45 
ns 
Complement Array)4 


Hold time 


t~l 
Input 
(I,B)± 
CK+ 
CL = 30pF 
0 
-5 
ns 


t•.•2 
Input (through Fn) 
F± 
CK+ 
CL = 30pF 
15 
10 
ns 


Propagation 
delay 


!eKO 
Clock 
CK+ 
F± 
CL = 30pF 
15 
20 
ns 


leE' 
Output enable 
OE- 
F- 
CL = 30pF 
20 
30 
ns 


leal 
Output disable3 
OE+ 
F+ 
CL = 5pF 
20 
30 
ns 


tpo 
Output 
(I,B)± 
B± 
CL = 30pF 
25 
35 
ns 


leE2 
Output enable 
(I,B) + 
B± 
CL = 30pF 
20 
30 
ns 


leD2 
Output disable3 
(I,B)- 
B+ 
CL = 5pF 
20 
30 
ns 


tPRO 
Preset/Reset 
(I,B) + 
F± 
CL = 30pF 
35 
45 
ns 


tPPR 
Power-<>n/preset 
Vcc + 
F- 
CL = 30pF 
0 
10 
ns 


NOTES: 
1, All typical values are at Vcc = 5V, TA = +25°C. 
2. To prevent spurious clocking, clock rise time (10% - 90%) S 10ns. 
3. 
Measured at VT = VOL+ 0.5V. 
4. When using the Complement Array !eKP= 75ns (min). 
5. 
Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


MEASUREMENTS: 
••.1 cifcuit delays 
are measured 
at the + 1.5V 
level 


of irputs 
and outputs. 
unless 
otherwise 
specified. 


TEST LOAD CIRCUIT 


Vcc 


Ig <>--r-- 
+5V 
By JTI"~'- 


I 
AND JIG 


I 
R, 
CAPACITANCE 


In o--l- 
BZ 


BWo--r-- 
FO 
Bxo-l-- 
Fn 
R, I CL 


CKD--- 
GND 
OE 


-=- 


+3V 


OV 


+3V 


1.5Y 


OV 


VOH 


VOL 


+3V 


OV 
1-------------------------- 
.3V 


(INPU~~ 
1.5V 
-------------------------- 
ov 


1~-IP~~1 
r-------~-- 
VOH 
~.w 
~ 
Vr 
f:- 
toE2 
Ft002 
VOl 


(OUT,!u~------- 
illv 
:sv 
o'v3V 


ENABlE) 
. 
_ 
. 
_ 


~ 


----------------------- 
.5V 


4.5V 


Vcc 
------------------------ 


tpPR 


OV 


VOH 


VOl 


.3V 


ov 


.3V 


1.5V 
ov 


SYMBOL 
PARAMETER 


!eKH 
Width of input clock pulse. 


!eKl 
Interval between clock pulses. 


!eKP 
Clock period. 


tpRH 
Width of preset input pulse. 


Required delay between 


tlS1 
beginning of valid input and 
positive transition of clock. 


Required delay between 


t'S2 


beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 


Required delay between 


t'H' 
positive transition of clock and 
end of valid input data. 


Required delay between 


t'H2 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 


Delay between positive 


!eKO 
transition of clock and when 
outputs become valid (with 
OE'Low). 


Delay between beginning of 


toE' 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 


too, 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between Vcc (after 


tPPR 
power-<>n) and when flip-flop 
outputs become preset at "1" 
(internal a outputs at '0"). 


Propagation delay between 


tpD 
combinational inputs and 
outputs. 


Delay between predefined 


toE2 
Output Enable High, and 
when combinational outputs 
become valid. 


Delay between predefined 


toD2 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 


Delay between positive 
transition of predefined 
tpRO 
PreseVReset input, and 
when flip-liop outputs 
become valid. 


+3V 


OV 


+3V 


OV 


+3V 


OV 


(PRESET) 


VOH 


(pRESET) 
VOl. 


F 
(OUTPUTS) -----------_-/ 


+3V 


1.SV 


OV 


+3v 


OV 


-,,,-_. 


+3V 
VOH 


OV 
vOL 


-+311 


,--------- 
--------./J 
I 


J 
I 


--- 


,.---=-.--- 


a 
(DIN) 


~ 
,------ 


LOGIC PROGRAMMING 
PLS 159A logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of 
several 
other 
commercially 
available, 


JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLS159A logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format 
is supported 
by the Signetics 


AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, S, 0, P,etc.) is assigned a symbol. Thesym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. 


~'., 
~"o 
~"o 
~"o 


1,8,a 
___ 
~8,a 
___ 
1,8,a 
___ 
I,B,a 
___ 
I,B,a 
I,B,a 
I,B,a 
I,B,a 


(T, Fe, L, P, R, Din 
(T, Fe, L, P, R, Din 
(T, Fe, L, P, R, Din 
(T, Fe, L, P, R, Din 
I 
STATE 
I 
CODE 
I 
I 


STATE 
~ 
I 


STATE ffi 
I 


STATE t=j 
I 
INAcnve1,2 
I 
0 
I 
I, B,a 
" B,a 
DON'TeARE 


~_A_C_T_IO_N 
__ 
~ODE 
_ 
TOGGLE 
~ 
__ 
A_~_:_ON I~ 


+O-S'B 


~Q 


~ 


POLARITY 


lOW' 


POLARITY 


HIGH 
I~ 
~~ 
~~ 
~~ 
~~4= 


En 
En 
En 
En 


! 
__ 
A_C_TI_ON 
tdC:OE 


CONTROL 
~ 
------ 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (1. Fc, L, P, R, D)nwill be unconditionally inhibited if both of the I, S, or Q links are left intact. 
3. 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn, Fe. 


4. 
En = 0 and En = • are logically equivalent states, since both cause Fnoutputs to be unconditionally enabled. 


5. These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" array links. 


___ 
A~ 
~ 
__ 
-9R 
T 
...£O~T~L 
--.1 


I'H"CYriE 
101 
I 
ACTIVE 
A 
". It 
I 
COl. I 
I Jilt 
• 
I 


11.1.0 
HI 
1.8(1). I 
INACTIVE. 
to.ol 
I I 
flfMOOE 
10L£ 
0 
I 
Ii.•. 
Q 
I LID 
(It) I 
I 
:('':..~:O~''GI ." 
CONTROL 
A 
I 


IDON'T CAlliE 
- I 
I 
I 
(N ••••LE 
• 
fA. 
I 


INACTIVE 
I 0 
I 
TOGGLE 
0 
I 
HIGH" 
OlSAll£ 
- 
I 


GENERATE 
II. 
C 
I 
SET 
H 
CO 
•• JIKI 
I 
LOW 
L 
(POLl 
r 
I 
PiJlO"AOAn. 
I 
AES(T 
L 
flf 
Moo( 


TflIAHS"ARENT 
_ 
I 
HOLD 
- 
I 
I 
I 


T 
en 
E 
!.2 
R 
C 
~ 
•• 
W 
0 
Z 
~ 
1 


2 
>- 
!Xl 
3 
C 
• 
w~ 
• 
w 
# 
8 
...Jll. 
~ 
~ 
ex: 
7 


U 
~ 
8 


W 
C 
e 
!Xl 
w 
,. 
N 
0 
::::; 
11 
~ 
0 
~ 
!Xl 
'2 
~ C 
13 
~ 
>- 
w 
ex: 
en > 
,. 
0 
ex: 
W 
eI) 
ll. X 
W 
U ~ 
,. 


eI) x ~ w 
Z 
W 
18 
I x 0 
ex: ~ 
~ ~ ~ w ~ 
17 
en ~ 
u. 
::;) 
0 
18 
U 
(,) C 
U 
,e 


I 


20 


21 


22 


W 
23 
~ 
2. 
C 
2. 


I 


28 


27 
> 
28 
W 
ex: 
n 


30 


en 
31 
~ 
Fe 
ex: 
~ 
••• 
# # 
As 
ex: 
w 
u. # 
w 
w 
U 0 
w 
41 
~ C :> 
ex: 


...J 


'A 
< 
ex: 
w 
w 
!Xl 
Z 0 
C 
lD ~ 
RA 
ex: 
w 
en ~ ~ 
LA 
W 
eI) 
::;) 
~ < !.2 z < 
D3 
0 
:I: ~ 
...J 
ex: 
~ u w < 8 
D2 
en 
ex: z ~ 
::;) 
::;) 
S2 0 
ex: 
Dl 
U 
ll. 
en ~ 
ll. 


DO 
••• 
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1 
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BLANK 
lor 
Clar'ly 


2 
Program 
\,lOuSed 
C,l. 
B 
ano 
0 OilS 
In the 
AND 
array 
as 


(-I 
Program 
unused 
O. 
8. 
P 
ano 
A b,IS 
tn 
Il'le 
OR 


array as (-I 
01 tA). as ilpphcilote 
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Programmable 
Logic Devices 


DESCRIPTION 
The 
PLS167 
and 
PLS167A 
are bipolar, 
Programmable 
Logic 
State 
machines 
of 


the Mealy type. The Field-Programmable 


Logic 
Sequencers 
(FPLS) 
contain 
logic 
AND/OR 
gate 
arrays 
with user program- 
mable 
connections 
which 
control 
the 
in- 


puts 
of 
on-<::hip 
State 
and 
Output 
Registers. 
These consist 
respectively 
of 8 


Op, and 4 OF edge-triggered, 
clocked 
SIR 


flip-flops, 
with 
an asynchronous 
Preset 


Option. 


All flip-flops 
are unconditionally 
preset to 


"1" during 
power 
turn--<ln. 


The 
AND 
array 
combines 
14 
external 


inputs,Io-'3, 
with 8 internal 
inputs, Po-7, fed 
back from the State Register 
to form upto 


48 transition 
terms 
(AND terms). 
In addi- 


tion, Po and P, of the internal 
State Regis- 


ter are brought 
off-<::hip to allow extending 
the Output 
Register 
to 6 bits, if so desired. 


All 
transition 
terms 
can 
include 
True, 


False, or Don't Care states 
of the control- 


ling variables, 
and are merged 
in the OR 
array to issue next-state 
and next--<lutput 


commands 
to their respective 
registers 
on 


the 
Low-ta-High 
transition 
of the 
Clock 
pulse. 


Both 
True 
and 
Complement 
transition 


terms can be generated 
by optional 
use of 
the internal 
variable 
(C) from the Comple- 
ment 
Array. 
Also, 
if desired, 
the 
Preset 


input can be converted 
to ou1put-enable 


function, 
as an additional 
user program- 
mable option. 


Order 
codes 
are 
listed 
in the 
Ordering 


Information 
Table. 


Field-Programmable 
Logic 
Sequencers 
(14 x 48 x 6) 


FEATURES 


• fMAX = 13.9MHz 
- PLS167 
20MHz 
- PLS167 A 
- 
20MHz 
clock 
rate - PLS167 
25MHz 
clock 
rate - PLS167A 


• Fleld-Programmable 
(NI-Cr 
link) 


• 14 True/Complement 
buffered 
inputs 


• 48 programmable 
AND gates 


• 25 programmable 
OR gates 


• 8-bit 
State 
Register 


• 2-bit 
shared 
State/Output 
Register 


• 4-bit 
Output 
Register 


• Transition 
Complement 
Array 


• Programmable 
Asynchronous 
Preset/Output 
Enable 


• Positive 
edge-triggered 
clock 


• Power-on 
preset 
to logic 
"1" 
of all 
registers 


• Automatic 
logic 
"HOLD" 
state 
via 
SIR flip-flops 


• On-<::hip 
Test Array 


• Power: 
600mW 
(typ.) 


• TTL compatible 


• 3-5tate 
outputs 


• Single 
+5V supply 


• 24-pln 
DIP 300m II-wide 


APPLICATIONS 


• Interface 
protocols 


• Sequence 
detectors 


• Peripheral 
controllers 


• Timing 
generators 


• Sequential 
circuits 


• Security 
locking 
systems 


PIN CONFIGURATIONS 


N Package 


vcc 


17 


18 


I. 


I,D 


111 


112 


113 


pR/OE 


F, 
P, 


Po 


GNO 
F3 


A Package 


" 


CK 
VCC 
17 


NiC 


I. 


I,D 


111 


112 


FO 
1,3 


NiC 


F, 
F2 GND 
F3 
Po 
P, 
PR/OE 


Philips Components 


PHILIPS 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 
POLARITY 


1 
CK 
Clock: The Clock input to the State and Output Registers. A low-to-High 
transition on 
Active-High 


this line is necessary to update the contents of both registers. 


2-7 
1,-1'3 
Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 
Active-High/low 
17-23 
between machine states, as determined by a given logic sequence. 


S 
10 
Logic/Diagnostic 
Input: A 14th external logic input to the AND array, as above, when 
Active-High/low 
exercised with standard TTl levels. When 10 is held at +1OV,device outputs Fo_ 3 and 
Po-1 reflect the contents of State Register bits P2_7 (see Diagnostic Output Mode dia- 
gram). The contents of flip-flops Po-, 
and Fo- 3 remain unaltered. 


9-11 
FO_3 
logic/Diagnostic 
Outputs: 
Four device outputs which normally reflect the contents of 
Active-High 
13 
Output Register bits 00-3, 
when enabled. When 10is held at +10V, FO-3 
= (P2- 5)' 


14 -15 
PO-1 
Logic/Diagnostic 
Outputs: 
Two register bits with shared function as least Significant 
Active-High 
State Register bits, or most significant Output Register bits. When 10 is held at +10V, PO-1 
= (P6-7). 


16 
PRiO'E 
Preset or Output Eilli6Ie Input: A user programmable function: 


• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register 
Active-High 
(H) 


bits. Preset overrides Clock, and when held High, clocking is inhibited and PO-7 
and FO_3 
are High. Normal clocking resumes with the first full clock pulse following a High-lo-low 
clock transition, after Preset goes low. 


• Output Eilli6Ie: Provides an Output Enable function to all output buffers. 
Active-low 
(l) 


'0 .!. 
'.!. 
, . 
, . 
• •. ~ 
Is 
2 


, 
22 


• 
22 


• 
21 
".: 
no!! 
"..!! 


, 
17 


P, 
P, 


'TI 
; 
I 


i 
I 
I 
Tf 
_'_ I 
IT, 
I 
I 


41 •••.••••. 
40 
38 ••.•••••• 
32 31 •••••••••••• 
2" 23 •••.•.•.••• 
1S 15 •.•.•.•••.•.• 
8 


NOTES: 
1. All AND gate 
inputs 
with a blown 
link 
float to a logic "'''. 


2. All OR gate 
inputs 
with a blown fuse Iloal 
to logic 
"0". 
3. 
Programmable connection. 


, I 


1 ! 
'i 
TIT 
'I 
I 
r 
I 
I 


, 


I 
II [ 


7 ••.•••.•.•.•. 
0 


:-8 
P, 


, 


OPTION 


Vcc 
PR 
OE 
10 
CK 
S 
R 
QplF 
F 


H 
X 
X 
X 
H 
H 


L 
+10V 
X 
X 
X 
an 
(OP)n 
L 
X 
X 
X 
X 
an 
(OF)n 


H 
X 
X 
X 
an 
Hi-Z 


+5V 
L 
+10V 
X 
X 
X 
an 
(OP)n 
L 
X 
X 
X 
X 
an 
(OF)n 


L 
X 
t 
L 
L 
an 
(OF)n 


L 
X 
t 
L 
H 
L 
L 


L 
X 
t 
H 
L 
H 
H 


L 
X 
t 
H 
H 
IND. 
IND. 


t 
X 
X 
X 
X 
X 
X 
H 


NOTES: 
1. Positive Logic: 
SIR = To + T, + T2 + ... 
T.7 
Tn = C(lo 
I, 12 ... 
) (PO P, ... 
P7) 


2. 
Either Preset (Active-High) 
or Output Ena6Ie (Active-Low) 
are available, but not both. The 


desired function is a user;>rogrammable 
option. 
3. i denotes transition from Low-4o-High level. 
4. 
R = S = High is an illegal input condition. 
5. 
• = H or L or +1Ov. 
6. 
X = Don't Care (,;5.5V) 


DESCRIPTION 
ORDER CODE 


24-Pin Plastic DIP (300mil-wide) 
PLS167N,PLS167AN 


28-Pin Plastic Leaded Chip Carrier 
PLS167A,PLS167AA 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Vrx; 


VIN 
Input voltage 
+5.5 
Vrx; 


VOUT 
Output voltage 
+5.5 
Vrx; 


IIN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
-<55 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


Q2 
01 
co 


~ 
~R 
PRESENTSTATE 


STATEREGISTER 
X' B' C'. _. 


ITt:J 
Sn+ , 
NEXTSTATE 


SET Co: So= (~- 
0, '!:lol' X - B - c •• _ 


110=" 


RESETQ1:S1 
=0 
R, =(~ 
- 0, -!:lo>-X-B- C... 


VIRGIN 
STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 
1. PRICE:option is set to PRoThus, all outputs 


will be at "1", as preset by initial power-{Jp 
procedure. 


2. All transition terms are disabled (0). 
3. All SIR flip-flop inputs are disabled (0). 
4. The device can be clocked 
via a Test 


Array pre-programmed 
with 
a standard 


test pattern. 
NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any 
Signetics qualified 
programming 


equipment. 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


SYMBOL 
PARAMETER 
TEST CONDITION 
UNIT 


Input voltage2 


VIH 
High 
Vcc = Max 
V 


VL 
Low 
Vce = Min 
V 


Vr:; 
Clamp3 
Vcc = Min, IN = -12mA 
V 


Output voltage2 


Vce = Min 


VQH 
High' 
IOH=-2mA 
V 


VOl 
Lows 
IOL= 9.6mA 
V 


Input current 


IIH 
High 
V'N = 5.5V 
<1 
80 
lJ.A 


IL 
Low 
V,N= 0.45V 
-10 
-100 
lJ.A 


IL 
Low (CK input) 
V,N= 0.45V 
--50 
-250 
lJ.A 


Output current 


Vcc = Max 


IOIOFFI 
Hi-Z stateS,6 
Your = 5.5V 
1 
40 
lJ.A 


Your = 0.45V 
-1 
-40 
lJ.A 


los 
Short circuit3, 7 
Your = OV 
-15 
-70 
mA 


Ice 
Vce supply currentS 
Vcc = Max 
120 
180 
mA 


Capacitance" 


Input 
Output 


Vce = 5.0V 
V'N = 2.0V 
Your = 2.0V 


C,N 
Cour 


NOTES: 


1. All typical values are at Vce = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. 
Test one at a time. 
4. 
Measured with V,Lapplied to OE and a logic high stored, or with V,Happlied to PRo 
5. 
Measured with a programmed logic condition for which the output is at a low logic level, and V,Lapplied to pR/OE Output sink current is 
supplied through a resistor to Vcc. 
6. 
Measured with VIHapplied to PRiOE. 
7. 
Duration of short circuit should not exceed 1 second. 
8. 
Ice is measured with the PR/OE input grounded, all other inputs at4.5V and the outputs open. 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
PLS167 
I 
PLS167A 
UNIT 


Mln 
r 
Typ' 
Max· r Min 
Typ' 
Max 


Pulse 
width' 


!eKH 
Clock2 
High 
CK+ 
CK- 
25 
15 
20 
15 
ns 


!eKL 
Clock 
Low 
CK- 
CK+ 
25 
15 
20 
15 
ns 


!eKP,B 
Period 
(without 
Complement 
Array) 
Output+/- 
Input 
+/- 
80 
40 
50 
40 
ns 


!eKP2B 
Period 
(with 
Complement 
Array) 
Output 
+/- 
Input 
+/- 
120 
60 
80 
50 
ns 


tpRH 
Preset 
pulse 
PR+ 
PR- 
25 
15 
25 
15 
ns 


Setuptlme3 


tlS,A 
Input 
Input± 
CK+ 
60 
40 
ns 


tlS,B 
Input 
Input± 
CK+ 
50 
30 
ns 


tlS'C 
Input 
Input± 
CK+ 
42 
N/A 
ns 


tlS2A 
Input 
(through 
Complement 
Array) 
Input± 
CK+ 
90 
70 
ns 


tlS2B 
Input 
(through 
Complement 
Array) 
Input 
CK+ 
80 
60 
ns 


tlS2C 
Input 
(through 
Complement 
Array) 
Input 
CK+ 
72 
N/A 
ns 


tvs 
Power--Qn 
preset 
Vcc 
+ 
CK- 
0 
-10 
0 
-10 
ns 


tPRS 
Preset 
PR- 
CK- 
0 
-10 
0 
-10 
ns 


Hold 
time 


t'H 
Input 
CK + 
Input± 
5 
-10 
0 
-5 
ns 


Propagation 
delay 


!eKO 
Clock 
CK + 
Output± 
15 
30 
15 
20 
ns 


toE 
Output 
enable 
OE- 
Output- 
20 
30 
20 
30 
ns 


too 
Output 
disable 
OE+ 
Output 
+ 
20 
30 
20 
30 
ns 


tpR 
Preset 
PR + 
Output 
+ 
18 
30 
18 
30 
ns 


tpPR 
Power-<ln 
preset 
Vcc 
+ 
Output 
+ 
0 
10 
0 
10 
ns 


Frequency 
of operation' 


fMAXC 
Without 
Complement 
Array 
13.9 
20.0 
MHz 


fMAXC 
With 
Complement 
Array 
9.8 
12.5 
MHz 


NOTES: 


1. 
All typical 
values 
are at Vcc 
= 5V, TA = +25°C. 


2. 
To prevent 
spurious 
clocking, 
clock 
rise time 
(10% 
- 90%) 
~ 3Ons. 
3. 
See 
"Speed 
vs. OR 
Loading" 
diagrams. 


113 


CK 
PR!OE 


GND 
(INCLUDES 
SCOPE 
AND JIG 
CAPACITANCE) 


MEASUREMENTS: 
All circu~ delays 
are rreasured 
at the + 1.5V 
level 
of 


ir,:>uts and outputs, 
unless 
otherwise 
specKled. 


Input 
Pulses 


.3V 


OV 


.3V 


1.5V 


OV 


VOl! 


VOl. 


.3V 


OV 


~ 
+3V 


10- 


13.7'!'15V 
------------------ 
ov 
-I-==- ..~ 


ClK 
~ICKOJ 
L___ 
I-.I 
CKH 
I 
CKL 
OV 
______'_.5_Vq:- 
1'5V 
::L 
H 


CIPR-l 
ttPRS 
ICKM 


PR 
~ 
••:'_.-5_V~~~~~~~~~~~~~~~~~~~~-_. 
::V 
I-IPAH-l 


(F.) = 1 


J_ICKO-l 


ICKP~~ 


,.SV 
1.SV 
1.svl 
---------'1 
=i 
t--1CKH 


IV5---- 


SYMBOL 
PARAMETER 


leKH 
Width of input clock pulse. 


leKL 
Interval between clock pulses. 


leKP' 
Clock period - 
when not 
using Complement array. 


Required delay between 


tiS' 
beginning of valid input and 
positive transition of clock. 


leKP2 
Clock period - 
when using 
Complement array. 


Required delay between 
beginning of valid input and 
positive transition of clock, 


tlS2 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between VCC 


tvs 
(after power-on) and negative 
transition of clock preceding 
first reliable clock pulse. 


Required delay between 
negative transition of 


tpRS 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 


Required delay between 
tlH 
positive transition of clock and 
end of valid input data. 


Delay between positive 


leKa 
transition of clock and when 
outputs become valid (with 
PRIOELow). 


Delay between beginning of 
toE 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 


too 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input 10 
transition to Diagnostic mode 
tSRE 
and when the outputs reflect 
the contents of the State 
Register. 


Delay between input 10 
transition to Logic mode and 
tSRD 
when the outputs reflect the 
contents of the Output 
Register. 


Delay between positive 
tpR 
transition of Preset and when 
outputs become valid at "1". 


Delay between Vcc (after 
tpPR 
power-on) and when outputs 
become preset at "1". 


tpRH 
Width of preset input pulse. 


fMAX 
Maximum clock frequency. 


~ 
+3V 
·-A.. 
'_.5_V 
_ 
OV 
r ------,-------- 
+10V 
-f 
8.0V 
-\ 
8.0V 
=* 


---------1 
" 
'0 
'.5V 
1.5V f 
" 
.•..._-----, 
" 
r:"H:.j 


'.s 


INTERNAL 
- 
- 
- 
- 
-- 
STATE REG. 
(Ps) 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fMAX)= lev = tIS + leKO 


This frequency depends on the number of 
transition terms Tn used. Having all 48 terms 
connected in the AND array does not appre- 
ciably impact performance; but the number 
of terms connected to each OR line affects 
tIS, due to capacitive loading. The effect of 
this loading can be seen in Figure 1, showing 
the variation of t,s, with the number of terms 
connected per OR. 


The PLS167 AC electrical characteristics 
contain three limits for the parameters tiS' 
and t'S2(refer to Figure 1). The first, t,s 1A is 
guaranteed for a device with 48 terms con- 
nected to any OR line. tIS'B is guaranteed for 
a device with 32 terms connected to any OR 
line. And t,s,c is guranteed for a device with 
24 terms conntected to any OR line. 


The three other entries in the AC table, t'S2A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on~hip 
Comple- 
mentArray. 


The PLS 167A AC electrical characteristics 
contain two limits for the parameters t,s, and 
tlS2(refer to Figure 2). The first, t'S'A is guar- 
anteed for a device with 24 terms connected 
to any OR line. tlS'B is guaranteed for a de- 
vice with 16terms connected to any OR line. 


o 
o 
8 
16 
24 
32 
40 


TeRMS 
CONNECTED/OR 


The two other entries in the AC table, t'S2A 
and B are corresponding 24 and 16 term lim- 
its when 
using 
the on-ehip 
Complement 


Array. 


The worst case of tiS for a given application 
can be determined by identifying the OR line 
with the maximum number ofT nconnections. 
This can be done by referring to the intercon- 
nect pattern in the PLS logic diagram, typical- 
ly illustrated in Figure 3, or by counting the 
maximum number of "H" or"L" entries in one 
of the columns of the device Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case tiSand, by impli- 
cation, the maximum clocking frequency for 
reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnectedfrom 
the OR array. 


'''HmEgJ 


URNs/OR 
(2) 
·OA" 


•••ARAY 


,,, 


~NoT' 
"'0 


Figure 3. Typical OR Array 
Interconnect 
Pattern 


LOGIC PROGRAMMING 
PLS167/A 
logic designs 
can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLS167/A logic designs can also be generated 
using the program table entry format detailed 
on the following 
pages. This program table 
entry format 
is supported 
by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 


users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, P,etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. 


~ 


RIOE 


E=1 


(ALWAYS 
-= 
ENABLED) 
~ 


.uE 


p=o 


(PRESET 
E 


DISABLED) 


PROGRAMMING: 
The PS167/A has a power-<Jp preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


I'P~~ 
lP~~ 
I'P~~ 
I'P~~ 


9Tn 
9Tn 
9Tn 
?n 
I 
INA~~~:" 
2 
~ 
I 
S:~;E 
I~ 
I 
S;,:E 
I~ 
I 
DO:~;::RE 
~ 


Tn 
"two two "two 
"tWo 


n,f 


n;l 
R 
n;l 
R 
n;l 
n;l 
R 


I 
ACTION 
I 
CODE 
I 
I 


ACTION 
I 
C~DE 
I 
I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~E 
I 
I 
INAcnVE1,3 
I 
0 
I 
SET 
RESET 
NO CHANGE 


ACTION 


INAcnvE',4 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see 
flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 


AND 
1 
OR 


CUSTOllIEA NAUE 
-------------------~------------------ 


_CTlVE 
0 
, 
_emE 
, 0 


PURCHASE ORDER " 
, 


GENERATE 
I A 
, 
SET 
, H 
I 
SlClNETlC8 OEYICE " 
CF eXXXXl 


I 
Cn 
, 
•••• F, 


PAOPlt.GATE 
. 
I 
RESET 
, L 


CUSTOMER SYMIIOUZED PART " 
TRANSPARENT 
I 
- 
, 


NO CHANGE 
I - 
I 


TOTAL NUMBER OF Plt.ATS 
I 


INACTIVE 
, 0 
~------------------ 
I 
OPTION 
PROGRAM 
TA8l.E 
II 
I,P 
,H 
~------------------ 
Im,Po 
I 


I::SETI~I 


A£V 
U 
, L 
I 
I 
PIE 
DATE 
DON'TCARf 
I - 
I 


AND 
OPTION (P,El 


OR 


T 
INPUT(IMl 
PRESENT STATE (Pll 
REIIARKS 
NEXT STATE (Ns) L-.. 
OUTPUT (Ft) 
E 
- ~I' 
- 
R 
en 
1 
1 
817 
41"3 
013 
------------- --- 
iT, 
- 
II 
3 
2 
, 
0 9 
•• •• 
•• ,ii 
"7 a •• 
•• ,. 
•• 
7 
6 •• 0 i 
ii i 
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· 
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I 
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• 
· 
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11 
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I 
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I 
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I 
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1. 


21 
I 
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I 
I 


23 
I 
I 
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• 
2. 
I 
I 
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••• 
I 
• 
• 
., 
· 
• 
· 
. 


PIN 
1 , 
1 
2 
2 
2 
2 
2 
3 • 
5 
6 
7 
6 
\ 
1 
1 
1 
1 
NO. 
7 
6 • 
0 , 
2 
3 
5 • 
3 
1 
0 • 


...~~ 
:!!c 
~z 
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NOTES: 
1. The FPLS is shipped with all links inItIally mtact 
Thus, a background 
of "0" 
for all Terms, 
and an "H" 
lor the PIE 
option, 
exits in the table, shown 
BLANK Instead for clarity. 


2. Unused 
CI'l' 
1m•and Ps bits are normally 
programmed 
Don't 
Care (-). 
3. Unused 
Transition 
Terms 
can 
be left for future 
code 
modification 
or programmed 
as (-) 
lor 
maximum 
speed. 
4. Letters 
In vanable 
fields 
are used as Identifiers 
by logic type 
programmers. 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 


The array consists of test transition terms 48 
and 49, factory programmed as shown below. 


Testing is accomplished by clocking the FPLS 
and applying the proper input sequence 
to 


10.13 as 
shown 
in the 
test 
circuit 
timing 
dia- 


gram. 


AND 


T 
E 
INPUT (1m) 
PRESENT 
STATE (Pa) 
R 
C 
1 
•• 
1 


•• 
A 
H 
H 
H 
•• 
• 
L 
L 
L 


Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically 
by any of Signetics' 
qualified 


programming 
equipment. 


OPTION 
(PIEI 
H 


OR 


NEXT STATE (Na) 
OUTPUT 
(Fr) 


3 
2 
1 
0 
3 
2 
1 
0 


L 
L 
L 
L 
L 
L 
L 
L 


H 
H 
H 
H 
H 
H 
H 
H 
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Programmable 
Logic Devices 


DESCRIPTION 


The PLS168 
and tje PLS 168A are bipolar, 
Programmable 
Logic 
State 
machines 
of 


the Mealy 
type. 
They 
contain 
logic AND/ 


OR gate arrays 
with user programmable 


connections 
which 
control 
the 
inputs 
of 


on-chip 
State 
and 
Output 
Registers. 


These 
consist 
respectively 
of 10 Op, and 


4 OF edge-triggered, 
clocked 
SIR 
flip- 


flops, 
with 
an Asynchronous 
Preset 
Op- 


tion. 


All flip-flops 
are unconditionally 
preset to 


"1" during 
power turn-{)n. 


The 
AND 
array 
combines 
12 
external 


inputs, 
10-11, 
with 
10 internal 
inputs, 
Po-g, 
fed back from 
the State 
Register 
to form 


up to 48 transition 
terms 
(AND terms). 
In 


addition, 
Po - P3 of the internal 
State Reg- 


ister are brought 
off-chip 
to allow extend- 


ing the 
Output 
Register 
to 
8 bits, 
if so 


desired. 


All 
transition 
terms 
can 
include 
True, 


False, or Don't Care states of the control- 
ling variables, 
and are merged 
in the OR 


array to issue next-state 
and next-{)utput 


commands 
to their respective 
registers 
on 


the 
Low-to-High 
transition 
of the Clock 


pulse. 


Both 
True 
and 
Complement 
transition 


terms can be generated 
by optional 
use of 


the internal 
variable 
(C) from the Comple- 


ment 
Array. 
Also, 
if desired, 
the 
Preset 
input can be converted 
to output-enable 


function, 
as an additional 
user program- 


mable option. 


Order 
codes 
are 
listed 
in the 
Ordering 
Information 
Table. 


PLS168/A 
Field-Programmable 
Logic 
Sequencers 
(12 x 48 x 8) 


FEATURES 


• fMAX = 13.9MHz 
- PLS168 
20MHz 
- PLS168A 
- 
20MHz 
clock 
rate - PLS168 
25MHz 
clock 
rate - PLS168A 


• Field-Programmable 
(Ni-Cr 
link) 


• 12 True/Complement 
buffered 


inputs 


• 48 programmable 
AND gates 


• 29 programmable 
OR gates 


• 10-bit 
State 
Register 


• 4-bit 
shared 
State/Output 
Register 


• 4-bit 
Output 
Register 


• Transition 
Complement 
Array 


• Programmable 
Asynchronous 
Preset/Output 
Enable 


• Positive 
edge-triggered 
clock 


• Power-{)n 
preset 
to logic 
"1" 
of all 


registers 


• Automatic 
logic 
"HOLD" 
state 
via 
SIR flip-flops 


• On-chip 
Test Array 


• Power: 
600mW 
(typ.) 


• TTL compatible 


• 3-State 
outputs 


• Single 
+5V supply 


• 24-pin 
DIP 300m ii-wide 


APPLICATIONS 


• Interface 
protocols 


• Sequence 
detectors 


• Peripheral 
controllers 


• Timing 
generators 


• Sequential 
circuits 


• Security 
locking 
systems 


• Counters 


• Sh ift reg isters 


PIN CONFIGURATIONS 


N Package 


vcc 


16 


17 


18 


18 


1'0 


111 


PRIO£ 


P3 


F2 
P2 


P, 


GND 
Po 


A Package 


'11 


PRIO£ 


NiC 


PhilipsComponents 


PHILIPS 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 
POLARITY 


1 
CK 
Clock: The Clock input to the State and Output Registers. A Low-to-High 
transition on 
Active-High 
this line is necessary to update the contents of both registers. 


2-6 
1,-1" 
Logic Inputs: The 11 external inputs to the AND array used to program jump conditions 
Active-High/Low 
18-23 
between machine states, as determined by a given logic sequence. 


7 
10 
Logic/Diagnostic 
Input: A 12th external logic input to the AND array, as above, when 
Active-High/Low 


exercised with standard TTL levels. When 10is held at +1OV,device outputs F2 _ F3 and 
Po- P3 reflect the contents of State Register bits P4-9 (see Diagnostic Output Mode 
diagram). The contents of flip-flops Po- 1 and Fo_ 3 remain unaltered. 


13 -16 
PO-3 
Logic/Diagnostic 
Outputs: 
Four device outputs which normally reflect the contents of 
Active-High 
State Register bits Po_ 3. When 10 is held at +10V these pins reflect (Ps - Pg). 


10-11 
F2_ F3 
LogiclDiagnostic 
Outputs: 
Two register bits (F2 - F3) which reflect Output register bits 
Active-High 
(0:1-0:3). When 10 is held at +10V, these pins reflect (P4-PS). 


17 
PRIOE 
Preset or Output Eiii'6Ie Input: A user programmable function: 


• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register 
Active-High 
(H) 


bits. Preset overrides Clock, and when held High, clocking is inhibited and PO-g and FO_3 
are High. Normal clocking resumes with the first full clock pulse following a High-to-Low 
clock transition, after Preset goes Low. 


• Output Eiii'6Ie: Provides an Output Enable function to all output buffers. 
Active-Low (L) 


8,9 
Fo- F, 
Logic Output: 
Two device outputs which reflect Output Registers 00 - 0,. When 10 is 
haeld at +10V, Fo - F, = Logic "1". 
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NOTES: 
1 
All programmed" 
AND" 
gale locations 
are pulled to logic "'" 


2. All programmed 
OR" 
gate locations 
are pulled to logic "0". 
3. 
Programmable 
connection. 


Field-Programmable Logic Sequencers (12 x 48 x 8) 
PLS168/A 


OPTION 


Vcc 
PR 
OE 
10 
CK 
S 
R 
Qp/F 
F 


H 
" 
X 
X 
X 
H 
H 


L 
+10V 
X 
X 
X 
an 
(OP}n 
L 
X 
X 
X 
X 
an 
(OF)n 


H 
" 
X 
X 
X 
an 
Hi-Z 


+5V 
L 
+10V 
X 
X 
X 
an 
(OP)n 
L 
X 
X 
X 
X 
On 
(OF)n 


L 
X 
i 
L 
L 
On 
(OF)n 


L 
X 
i 
L 
H 
L 
L 


L 
X 
i 
H 
L 
H 
H 


L 
X 
i 
H 
H 
IND. 
IND. 
i 
X 
X 
X 
X 
X 
X 
H 


NOTES: 
1. Positive Logic: 
S/R=To+T,+T2+· 
+T47 
Tn = C(lo I, 12 ... 
)(Po P, ... 
Pg) 
2. 
Either Preset (Active-High) 
or Output Ena.liIe (Active-Low) 
are available, but not both. The 


desired function is a user-programmable 
option. 


3. i denotes transition from Low-to-High 
level. 


4. 
R = S = High is an illegal input condition. 
5. 
"=HorLor+10V. 


6. 
X = Don't Care (,;,5.5V) 


DESCRIPTION 
ORDER CODE 


24-Pin Plastic DIP (300mil-wide) 
PLSI68N,PLS168AN 


28--Pin Plastic Leaded Chip Carrier 
PLS168A,PLS168AA 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Vrx; 


VN 
Input voltage 
+5.5 
Vrx; 


VOUT 
Output voltage 
+5.5 
Vrx; 


IN 
Input currents 
--30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
DC 


TSTG 
Storage temperature range 
~5 
+150 
DC 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


Q2 
01 
ao 


~ 
~R 
PRESENTSTATE 


STA~OREGIoSTER,~_+, 
.·8·C· 
... 


~..., 
NEXTSTATE 


SET Qo'So 
= (U2 . 0, 
'00) ·X·IJ· 
c ... 


Ro=o 


RESET 
Ql: 
51 = 0 
R.=(U2· 0, ·Oo)·X 
IJ· c ... 


VIRGIN 
STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 
I. 
PRiOE' option is sellO PRoThus, all outputs 
will be at "I", as preset by initial power--up 
procedure. 
2. All transition terms are disabled (0). 
3. 
All SIR flip-flop inputs are disabled (0). 


4. The device can be clocked 
via a Test 


Array pre-programmed 
with 
a standard 


test pattern. 
NOTE: The Test Array panern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified 
programming 
equipment. 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


SYMBOL 
PARAMETER 
TEST CONDITION 
UNIT 


Input voltage· 


V,H 
High 
Vee = Max 
V 
VIL 
Low 
Vee = Min 
V 
Vc 
Glamp3 
Vee = Min, I'N = -12mA 
V 


Output voltage. 


Vee = Min 


VOH 
High4 
10H=-2mA 
V 


VOL 
LowS 
10L= 9.6mA 
V 


Input current 


I'H 
High 
V,N = 5.5V 
<1 
25 
~ 


I'L 
Low 
V,N= 0.45V 
-10 
-100 
~ 


I'L 
Low (GK input) 
V,N= 0.45V 
-50 
-250 
~ 


Output current 


Vee = Max 


10(oFF) 
Hi-Z state6 
VOUT= 5.5V 
1 
40 
~ 


VOUT= 0.45V 
-1 
-40 
~ 


los 
Short circuit3, 7 
VOUT= OV 
-15 
-70 
mA 


Ice 
Vee supply currentS 
Vee = Max 
120 
180 
mA 


Capacitance6 


Input 
Output 


Vee = 5.0V 
V,N = 2.0V 
VOUT= 2.0V 


G,N 
GOUT 


NOTES: 


1. All typical values are at Vee = 5V, TA = +25°G. 
2. All voltage values are with respect to network ground terminal. 
3. 
Test one at a time. 
4. 
Measured with V,Lapplied to DE and a logic high stored, or with V,Happlied to PRo 


5. 
Measured with a programmed logic condition for which the output is at a low logic level, and V,Lapplied to pR/OE Output sink current is 
supplied through a resistor to Vee. 


6. 
Measured with V,Happlied to PRIDE. 
7. 
Duration of short circuit should not exceed 1 second. 
8. 
Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
PLS168 
PlS168A 
UNIT 


Min 
Typ' I Max I Min 
Typ' 
I Max 


Pulse width3 


IcKH 
Clock2 High 
CK+ 
CK- 
25 
15 
20 
15 
ns 


IcKL 
Clock Low 
CK- 
CK+ 
25 
15 
20 
15 
ns 
IcKP,B 
Period (without Complement Array) 
Input +/- 
Output +/- 
80 
40 
50 
40 
ns 
IcKP2B 
Period (with Complement Array) 
Input +/- 
Output +/- 
120 
60 
80 
50 
ns 


tpRH 
Preset pulse 
PR + 
PR- 
25 
15 
25 
15 
ns 


Setup time3 


tlS,A 
Input 
Input± 
CK+ 
60 
40 
ns 


tlS,B 
Input 
Input± 
CK + 
50 
30 
ns 


tlS'C 
Input 
Input± 
CK+ 
42 
N/A 
ns 


tlS2A 
Input (through Complement Array) 
Input± 
CK+ 
90 
70 
ns 


tlS2B 
Input (through Complement Array) 
Input 
CK+ 
80 
60 
ns 


tlS2C 
Input (through tomplement 
Array) 
Input 
CK+ 
72 
N/A 
ns 


tvs 
Power-<>n preset 
Vcc + 
CK- 
0 
-10 
0 
-10 
ns 


tPRS 
Preset 
PR- 
CK- 
0 
-10 
0 
-10 
ns 


Hold time 


tlH 
Input 
CK + 
Input± 
5 
-10 
5 
-10 
ns 


Propagation 
delay 


IcKO 
Clock 
CK + 
Output± 
15 
30 
15 
20 
ns 
IcE 
Output enable 
OE- 
Output- 
20 
30 
20 
30 
ns 
100 
Output disable 
OE+ 
Output + 
20 
30 
20 
30 
ns 
tpR 
Preset 
PR + 
Output + 
18 
30 
18 
30 
ns 
tpPR 
Power-<>npreset 
Vcc + 
Output + 
0 
10 
0 
10 
ns 


Frequency 
of operation3 


f"AXC 
Without Complement Array 
13.9 
20.0 
MHz 
f"AXC 
With Complement Array 
9.8 
12.5 
MHz 


NOTES: 


1. All typical values are at Vcc = 5V, TA= +25°C. 
2. To prevent spurious clocking, dock rise time (10% - 90%) S 3Ons. 
3. See "Speed vs. OR Loading" diagrams. 


PNCLUDES 
SCOPEANDJIG 
CAPACITANCE) 


MEASUREMENTS, 
AI circui 
delays 
are 
measured 
at the +1.5V 
kweI of 
irputs and outputs. unle6a otherwise 
speclIied. 


Input Pulses 


+3V 


OV 


+3V 


1.5V 


OV 


VOH 


VOl 


+3V 


OV 


y 
+~ 


.J!\ 15V 
ov 
-I~,.~ 


~ICKOJ 
L___ 
Lt 
cKH 
I 
CKL 
OV 


1.5V~.~- 
V 
OH 


_______ 
~ 
I 
VOL 


~IM~ 
elMS 
PO~W6~1.~SV~~~~~~~~~~~~~~~~~~~~~~ 
::V 
LlpRH-J 


(Fn) ~ 1 
I.SV 
(Fn ~ 1) 
-t 
tCKO~ 
tCKP 


I.SV 
I.SV 


SYMBOL 
PARAMETER 


!eKH 
Width of input clock pulse. 


!eKL 
Interval between clock pulses. 


!eKP' 
Clock period - 
when not 
using Complement array. 


Required delay between 


tiS' 
beginning of valid input and 
positive transition of clock. 


!eKP2 
Clock period - 
when using 
Complement array. 


Required delay between 
beginning of valid input and 
positive transition of clock, 
tlS2 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Vcc 


tvs 
(after power-<ln) and negative 
transition of clock preceding 
first reliable clock pulse. 


Required delay between 
negative transition of 


tpAS 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 


Required delay between 
tlH 
positive transition of clock and 
end of valid input data. 


Delay between positive 


!eKO 
transition of clock and when 
outputs become valid (with 
PRJOELow). 


Delay between beginning of 
tOE 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 


toD 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input 10 
transition to Diagnostic mode 
tSAE 
and when the outputs reflect 
the contents of the State 
Register. 


Delay between input 10 
transition to Logic mode and 
tSAD 
when the outputs reflect the 
contents of the Output 
Register. 


Delay between positive 
tpA 
transition of Preset and when 
outputs become valid at"'". 


Delay between Vcc (after 
tpPA 
power-on) and when outputs 
become preset at OJ". 


tpAH 
Width of preset input pulse. 


fMAX 
Maximum clock frequency. 


--v 
+3V 
,..A... 
'_.5_V 
_ 
OV 
r------""--------+10V 
-f 
8.0V 
-\ 
8.0V 


~ 
---------/ 
"'''t------- 
·3V 


'0 
'.SV 
1.SVf 
'\ 
._------, 
'\ 
r: 


"M 
~ 
••••• 
---- 
OV 


.3V 


',s 


INTERNAL 
- 
- 
- 
- 
- 
- 


STATE REG. 
(Ps) 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fMAX)= lev = tIS + leKO 


This frequency depends on the number of 
transition terms Tn used. Having all 48 terms 
connected in the AND array does not appre- 
ciably impact performance; but the number 
of terms connected to each OR line affects 
tIS, due to capacitive loading. The effect of 
this loading can be seen in Figure 1, showing 
the variation of t,s, with the number of terms 
connected per OR. 


The PLS 168 AC electrical characteristics 
contain three limits for the parameters t,s, 
and t'S2(refer to Figure 1). The first, t'S'A is 
guaranteed for a device with 48 terms con- 
nectedto any OR line.t'S'8 is guaranteed for 
a device with 32 terms connected to any OR 
line. And t,s,c is guranteed for a device with 
24 terms conntected to any OR line. 


The three other entries in the AC table, t'S2A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-<:hip Comple- 
mentArray. 


The PLS168A AC electrical characteristics 
contain two limits for the parameters tiS' and 
tlS2(refer to Figure 2). The first, t,SlAis guar- 
anteed for a device with 24 terms connected 
to any OR line. t'S'8 is guaranteed for a de- 
vice with 16terms connected to any OR line. 


o 
o 
8 
lei 
24 
32 


TERMS 
CONNECTED/OR 


The two other entries in the AC table, t'S2A 
and B are corresponding 24 and 16terrn lim- 
its when 
using 
the on-chip 
Complement 


Array. 


The worst case of t,s for a given application 
can be determined by identifying the OR line 
with the maximum number of Tnconnections. 
This can be dene by referring to the intercon- 
nectpattern in the PLS logic diagram, typical- 
ly illustrated in Figure 3, or by counting the 
maximum number of "H" o,"L" entries in one 
of the columns of the device Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case t,s and, by impli- 
cation, the maximum docking frequency for 
reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


"'mm!J 


TERMSJOR 
(2) 
'Olll- 


ARRAY 


'" 


';QT' 
,,,. 


Figure 3. Typical 
OR Array 
Interconnect 
Pallern 


LOGIC PROGRAMMING 
PLSl68/A 
logic designs can be generated 


using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLSl68/A logic designs can also be generated 
using the program table entry format detailed 
on the following 
pages. This program table 


entry format 
is supported 
by the Signetics 


AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, S, 0, P,etc.) is assigned a symbol. The sym- 
bols for TRUE, 
COMPLEMENT, 
INACTIVE, 
PRESET, etc., are defined below. 


PRESETIOE 
OPTION - (PIE) 


~ 


RIOE 


E = 1 
(ALWAYS 
= 
ENABLED) 
~ 


.oE 


p=o 
(PRESET 
E 
DISABLED) 


PROGRAMMING: 
The PS 1681Ahas a power-<Jppreset feature. This feature insures that the device will power-<Jp 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


"--c4:~ 
"--c4:~ 
"--c4:~ "1~ 


9Tn 
9Tn 
9Tn 
Tn 


I 
INA::~:',2 
~ 
I 
S~~;E 
~ 
I 
S;,A;E ffi 
I 
DO:~:::RE 
~ 


Tn 
"tw' tw' "tw' 
"tW' 


1\1 


n;l 
R 
n;l 
R 
n;l 
R 
n;l 
R 


I 


ACTION 
I cC: 
E I 
I 


ACTION 
I 
C~DE I 
I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~E 
I 
INACnVE1,3 
SET 
RESET 
NO CHANGE 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if both the true and complement of any input (lor P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see 
flip-flop truth tables). 


4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
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The FPLS may be subjected to AC and DC 


parametric 
tests 
prior to programming 
via an 


on-chip test array. 


The array consists of test transition terms 48 
and 49, factory programmed as shown below. 


Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
10-11as shown in the test circuit timing dia- 


gram. 


Vcc 
+5V 


Vcc 


'" 


l()-t1 
po .• 
PO.3 


CLOCK 
CK 


F•. , 
F, 


PR/OE 


GND 


Both terms 48 and 49 must be deleted during 


user programming 
to avoid interfering 
with the 


desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 


......t= 


;;; 


'5V¥-- 
:: 


STATE 
w, 
-----"' 
r--- 
HIGH 


REGISTER 
'- 
J 
LOW 


Document 
No. 
853-0862 


ECN No. 
93255 


Date of Issue 
May 11, 1988 


Status 
Product 
Specification 


Programmable 
Logic Devices 


DESCRIPTION 
The 
PLS179 
is a 3-State 
output, 
regis- 


tered 
logic 
element 
combining 
AND/OR 


gate 
arrays 
with 
clocked 
J-K 
flip-flops. 


These J-K 
flip-flops 
are dynamically 
con- 


vertible 
to D-type 
via a '10Idback" 
invert- 


ing buffer and control 
gate Fc. It features 


8 registered 
I/O outputs 
(F) in conjunction 


with 4 bidirectional 
I/O lines (8). There are 


8 dedicated 
inputs. 
These 
yield variable 


I/O gate 
and 
register 
configurations 
via 


control gates (D, L) ranging from 20 inputs 
to 12 outputs. 


The AND/OR 
arrays 
consist 
of 32 logic 


AND gates, 
13 control 
AND gates, and 21 


OR gates with fusible 
link connections 
for 


programming 
I/O polarity 
and direction. 
All 


AND 
gates 
are linked 
to 8 inputs 
(I), bi- 


directional 
I/O lines 
(8), 
internal 
flip-flop 


outputs 
(0), and Complement 
Array 
out- 


put (C). The Complement 
Array 
consists 


of a NOR gate optionally 
linked to all AND 


gates 
for 
generating 
and 
propagating 


complementary 
AND terms. 


PLS179 
Field-Programmable 
Logic 
Sequencer 
(20 x 45 x 12) 


FEATURES 


• fMAx = 18.2MHz 
- 
25MHz 
clock 
rate 


• Field-Programmable 
(Ni-Cr 
link) 


.8 
dedicated 
inputs 


• 13 control 
gates 


• 32 AND gates 


.21 
OR gates 


• 45 product 
terms: 


- 
32 logic 
terms 


- 
13 control 
terms 


.4 
bidirectional 
I/O lines 


.8 
bidirectional 
registers 


• J/K, T, or D-type 
flip-flops 


• Asynchronous 
Preset/Reset 


• Complement 
Array 


• Active-High 
or -Low 
outputs 


• Programmable 
UE control 


• Positive 
edge-triggered 
clock 


• Power-<ln 
reset 
on flip-flop 
(Fn = "1") 


• Input 
loading: 
- 100f!A 
(max.) 


• Power 
dissipation: 
750mW 
(typ.) 


• TIL 
compatible 


• 3-State 
outputs 


APPLICATIONS 


• Random 
sequential 
logic 


• Synchronous 
up/down 
counters 


• Shift 
registers 


• Bidirectional 
data 
buffers 


• Timing 
function 
generators 


• System 
controllers/synchronizers 


• Priority 
encoder/registers 


F2 


F, 


BO 
FO 


GNO 


A Package 


HlC 


F6 


FS 


F2 


NIC 


So 
F, 


PhilipsComponents 
. 


PHILIPS 


On-<:hip T/C buffers couple either True (I, B, 0) 
or Complement (1,g, 0, C) input polarities to all 
AN D gates, whose outputs can be optionally 
linked to all OR gates. Any of the 32 AND gates 
can drive bidirectional 110lines (B), whose out- 
put 
polarity 
is 
individually 
programmable 


through a set of Ex-OR gates for implementing 
AND-OR 
or 
AND-NOR 
logic 
functions. 


Similarly, any of the 32 AND gates can drive the 


J-K 
inputs of all flip-flops. 
Four AND gates 


have been dedicated for the Asynchronous 
PreseVReset functions. 


All flip-flops 
are positive edge-triggered 
and 


can be used as input, output or I/O (for interfac- 
ing with a bidirectional data bus) in conjunction 
with load control gates (L), steering inputs (I), 


(B), (0) and programmable output select lines 
(E). 


The PLS179 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed in the Ordering Informa- 
tion Table. 
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p .•• R ••• LS 
LA 
OJ 02 
0, 
0, 
E .•• Ee _ 


I 


X, 
-illJ 


5, 
I 
X, 
--ill! 


5, 


I 
.!!. 
X, 


5, 
- 
I 


X, 
8 
~ 
P 
R 
- 
~T~ 
0 
I' 


K' 
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'~ 
~.TJ 
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~,.T 
J 
0 
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K 
K 
1- 
H 
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o 
J 


K 
K 
r 
I 
p 
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- 
J 
J 
CK' 
1 
8 


I 


K 
- 
J 
J 
0 
-r" 
K 
CK 
I 
1-1, 
- 
0, 
T 
I~ 
K 
CK' 


I- 
n 
rrn 
.T 
K 
CK 
, 


31•••••• 
24 23- ••••• 
16 15-.· 
••• 
8 
7 •••••• 
0 


1. All OR gale inputs with a blown link f10al to logic "0". 
2. All other gates and control inputs with a blown link float to logic "1" 
3. 
Ql denotes 
WIRE-OR. 
4. 
Programmabfe connection. 


VIRGIN STATE 
FLIP-FLOP TRUTH TABLE 


The factory shipped virgin device contains all 
fusible links intact, such that 
1. OE is always enabled. 


2. 
Preset and Reset are always disabled. 


3. All transition terms are disabled. 


4. All flip-flops are in D-mode unless other- 


wise programmed to J-K only or J-K or D 
(controlled). 


5. All 8 pins are inputs and all F pins are 


outputs unless otherwise programmed. 
~6R 
STATE 
REGISTER 


~sn<, 


SET <lo'Jo = (0,' 0,,' O,'~)'){' 
B' c ... 


Ko=O 


RESET01:J1 
=0 
K,. (03' 0" . 0, .~) 
.){. B· c ... 


HOLD Q2: J2 = 0 


K2= 
0 


TOGGLE0" 
J3 = (0, . 0" . 0, . ~) . X . B . c 
. 
K3 = (0,' 0,,' 0, . Ool . X' B' C 
. 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


OE 
L 
CK 
P 
R 
J 
K a 
F 


H 
H/Hi-Z 


L 
X 
X 
X 
X 
X 
X 
L 
H 


L 
X 
X 
H 
L 
X 
X 
H 
L 
L 
X 
X 
L 
H 
X 
X 
L 
H 


L 
L i 
L 
L 
L 
L 
0 
0 


L 
L i 
L 
L 
L 
H 
L 
H 


L 
L i 
L 
L 
H 
L 
H 
L 


L 
L i 
L 
L 
H 
H 0 
0 


H 
H i 
L 
L 
L 
H 
L 
W 


H 
H i 
L 
L 
H 
L 
H 
L+ 


<10V 
X 
i 
x 
X 
L 
H 
L 
H" 


X i 
x 
X 
H 
L 
H 
L++ 


NOTES: 
1. Positive Logic: 


J-K=To< 
T, +T2 ..•.........•••... 
T3, 
Tn = 'C. (10·1, ,12 ... )' (00.0, 
... ). 


(So' 8, .... ) 
2. i denotes transition from Low to High level. 
3. 
X = Don't care 


4. += Forced at Fnpin for loading the J-K flip- 


flop in the Input mode. The load control 
term, Ln must be enabled (HIGH) and the 
p-terms 
that are connected to the asso- 
ciated flip-flop 
must be forced LOW (dis- 
abled) during Preload. 


5. 
At P = R = H, 0 = H. The final state of 0 
depends on which is released first. 


6. 
+ + = Forced at Fn pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State 8 outputs. 


DESCRIPTION 
ORDER CODE 


24-Pin Plastic DIP (300mil-wide) 
PLS179N 


28-Pin Plastic Leaded Chip Carrier 
PLS179A 


RATINGS 


SYM80L 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V1N 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°C 


TSTG 
Storage temperature range 
-65 
+150 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 


ambient to junction 


SYMBOL 


Input voltage2 


Vo< 
High 


VL 
Low 


Vc 
Clamp 


Output 
voltage2 


Vcc 
= Max 


Vcc 
= Min 


Vcc 
= Min, 
IIN = -12mA 


Vcc 
= Min, 
IOH = -2mA 
10l = 10rnA 


Vce = Max, 
V1N = 5.5V 


V1N = 0.45V 


Vcc 
= Max, 
VOUT = 5.5V 


VOUT ~ O.45V 


VOUT = OV 


Vcc 
= Max 


Short 
circuit3. 
5 


Vce 
supply 
current6 


CIN 


COUT 


NOTES: 


1. 
All typical 
values 
are 
at Vce 
= 5V, TA = +25°C. 
2. 
All voltage 
values 
are with 
respect 
to network 
ground 
terminal. 


3. 
Test one 
at a time. 
4. 
Measured 
with 
VIH applied 
to N. 
5. 
Duration 
of short 
circuit 
should 
not exceed 
1 second. 
6. 
Ice is measured 
with 
the DE input 
grounded, 
all other 
inputs 
at4.5V 
and 
the outputs 
open. 
7. 
Leakage 
values 
are a combination 
of input 
and output 
leakage. 


Input 


Output 


Vce = 5.0V, 
V1N = 2.0V 


VOUT ~ 2.0V 


100--,-- 


I 
I 


I o--i----- 


n 


Ow~ 


Ox o--l--- 


MEASUREMENTS: 
All circuit 
delays 
are measured 
at the + 1.5V level 


of irputs 
and outputs, 
unless 
otherwise 
specified. 


UNIT 


V 


V 


V 


V 


V 


IJA 


IJA 


80 
IJA 


-140 
IJA 


-15 
-70 
mA 


150 
210 
mA 


pF 


pF 


.sv 


~ 


NClUOES 
SCOPE 
AND JIG 


Rl 
CAPACITANCE 


R2 I Cl 


SYMBOL 
PARAMETER 
FROM 
TO 
TEST 
UMITS 
UNIT 


CONDITION 
Min' 
Typ' 
Max 


Pulse widlh3 


lcKH 
Clock2 High 
CK + 
CK- 
CL = 30pF 
20 
15 
ns 


lcKL 
Clock Low 
CK- 
CK+ 
CL = 30pF 
20 
15 
ns 


lcKP 
Period 
CK+ 
CK+ 
CL = 30pF 
55 
45 
ns 


tpRH 
Preset/Resel pulse 
(I, B)- 
(I, B)+ 
CL = 30pF 
35 
30 
ns 


Selupllme 


lIS' 
Inpul 
(I, B)± 
CK+ 
CL = 30pF 
35 
30 
ns 


11S2 
Input (through Fn) 
F± 
CK+ 
CL = 30pF 
15 
10 
ns 


11S3 
Input (through Complement Array)' 
(I, B)± 
CK+ 
CL = 30pF 
55 
45 
ns 


Hold time 


I!H' 
Input 
(I, B)± 
CK+ 
CL = 30pF 
0 
-5 
ns 


111<2 
Input (through Fn) 
F± 
CK+ 
CL = 30pF 
15 
10 
ns 


Propagation 
delay 


lcKO 
Clock 
CK± 
F± 
CL = 30pF 
15 
20 
ns 


toE. 
Output enable 
OE- 
F- 
CL = 30pF 
20 
30 
ns 


\00, 
Output disable3 
OE+ 
F+ 
CL = 5pF 
20 
30 
ns 


Ipo 
Output 
(I, B)± 
B± 
CL = 30pF 
25 
35 
ns 


1oE2 
Output enable 
(I, B) + 
B± 
CL = 30pF 
20 
30 
ns 


1002 
Output disable3 
(I, B)- 
B+ 
CL = 5pF 
20 
30 
ns 


IpRO 
Preset/Reset 
(I, B) + 
F± 
CL ~ 30pF 
35 
45 
ns 


IpPR 
Power-on preset 
Vcc + 
F- 
CL ~ 30pF 
0 
10 
ns 


NOTES: 


1. All typical values are al Vcc = 5V, TA = +25°C. 
2. To prevent spurious clocking, clock rise time (10% - 9O%)" 
10ns. 
3. 
Measured al VT = VQ + 0.5V. 
4. When using lhe Complemenl Array lcKP = 75ns (min). 
5. 
Limits are guaranleed with 12 productlerms 
maximum connected to each sum lerm line. 
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OV 
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OV 
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+3V 


OV 
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------------------------ 
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'.5V 


VCC 
------------------------ 


'PPR 


ov 


VOH 


VOL 


+3V 


OV 


~Sl 


+3V 


1.5V 


OV 


SYMBOL 
PARAMETER 


!eKH 
Width of input clock pulse. 


!eKL 
Interval between clock pulses. 


!eKP 
Clock period. 


tpRH 
Width of preset input pulse. 


Required delay between 


tiS' 
beginning of valid input and 
positive transition of clock. 


Required delay between 


t,S2 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 


Required delay between 


tlHl 
positive transition of clock and 
end of valid input data. 


Required delay between 


t'H2 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 


Delay between positive 


!eKO 
transition of clock and when 
outputs become valid (with 
DE Low) . 


Delay between beginning of 


toE' 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 


toOl 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between Vcc (after 


tpPR 
power-on) and when flip-flop 
outputs become preset at "1" 
(internal a outputs at "0"). 


Propagation delay between 


tpo 
combinational inputs and 
outputs. 


Delay between predefined 


tOE2 
Output Enable High, and 
when combinational Outputs 
become valid. 


Delay between predefined 


toD2 
Output Enable Low and when 
combinational Outputs are in 
the OFF-State. 


Delay between positive 
transition of predefined 
tpRO 
PreseVReset input, and when 
flip-flop outputs become 
valid. 


VOl.. 


• Preset 
and Reset fUndions 
OY9rride Clock. 
However. 
F outputs 
may gt~chwith 
the first positive 
Clock 
Edge jf TIS1 


cannol 
be guaranteed 
by the user. 


F 
(OUTPUTS) 
____________ 
..J 


i--------- 
---------" II 
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VT 
(FORCED 
DIN) 
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LOGIC PROGRAMMING 
PLS1 79 logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of 
several 
other 
commercially 
available, 


JEDEC standard PLD design software pack- 
ages. Boolean and/or stale equation entry is 
accepted. 


PLS179 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format 
is supported 
by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 


users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, P,etc,) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. 


~'., 
~ 
.." 
~ 
.." 
~ 
.." 


1,8,0 
~8,0 
___ 
~8,0 
___ 
~8,0 
___ 


I, B,O 
1,8,0 
1,8,0 
I,B,o 


(T, FC, L, P, R, Din 
(T, FC, L, P, R, Din 
(T, Fe. 
L, P, R, Din 
(T, FC, L, P, R, Din 


I 
STATE 
I 
CODE 
I 
I 


STATE 
I 
C~E 
I 
I 


STATE 
I 
C:DE 
I 
I 


STATE 
I 
C~DE 
I 
I 
INAcnve1•2 
I 
0 
I 
I,B,o 
1, ii,o 
DON'T 
CARE 


too"foo" 
I AC; I~ 


, __ 
I._C_T_IO_N_~[§]ODE 
_ 
TOGGLE 
~ 


~P'R'SI 
L..-/ 
(OR8) 


__ 
I._:_:_ON I~ 


~P'R'SI 
L..-/ 
(ORB) 


_ 
__ 
I._C_T1_0_N 
__ 
I~lDE 
RESET 
~ 


I 
POLARITY 
I 
lOW' 


I 
CODE I 
I 
I 


__ 
I.:_T_:_N__ 8 


POLARITY 


HIGH 


~~ 
~~ 
~~ 
~~ 


En 
En 
En 
En 


1 


__ 
I._C_T1_0_N 
__ 
8C~E 


CONTROl 
~ 
------ 
NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fc, L, P, R, DJnwill be unconditionally inhibited if anyone of the I, B, or a link pairs are left intact. 
3. 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn, Fc. 


4. 
En = 0 and En = • are logically equivalent states, since both cause Fnoutputs to be unconditionally enabled. 


5. These states are not allowed for control gates (L, P, R, D)ndue to their lack of "OR" array links. 


---~---+---~----T------~------' 
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Programmable Logic Devices 


DESCRIPTION 
The new PLC42VA12 CMOS PLD from 
Signetics exhibits a unique combination of 
the two architectural concepts that revolu- 
tionized the PLD marketplace. 


The Signetics unique Output Macro Cell 
(OMC) embodies all the advantages and 
none of the disadvantages associated 
with the "V· type Output 
Macro Cell 


devices. This new design, combined with 
added functionality of two programmable 
arrays, represents a significant advance- 
ment inthe configurability and efficiency of 
multi-function PLDs. 


The most significant improvement in the 
Output Macro Cell structure is the imple- 
mentation of the register bypass function. 
Any of the 10 J-KJD registers can be indi- 
vidually bypassed, thus creating a combi- 
natorial VO path from the AND array to the 
output pin. Unlike other "V· type devices, 
the register inthe PLC42VA12 Macro Cell 
remains fully functional as a buried regis- 
ter. Both the combinatorial I/O and buried 
register have separate input paths (from 
the AND array). In most V-lype architec- 
tures, the register is lost as a resource 
when the cell is configured as a combina- 
torial I/O. This feature provides the capa- 
bility 
to 
operate 
the 
buried 
register 
independently from the combinatorial I/O. 


PLC42VA12 
CMOS Programmable 
Logic 
Sequencer 
(42 x 105 x 12) 


FEATURES 


• High-speed 
EPRO~ased 
CMOS 
Multi-Function 
PLD 


- Super set of 22V10, 32VX10 and 
20RA10 PAL® ICs 


• Two fully programmable 
arrays 
eliminate "P-term 
Depletion" 


- Up to 64 P-terms per OR function 


• Improved Output Macro Cell 
Structure 
-Individually 
programmable 
as: 
* Registered Output 
* Registered Input 


* Combinatorial 
110 with Buried 
Register 


- Bypassed Registers are 100% 
functional 
with separate input 
and feedback paths 
- Individual 
Output Enable control 
functions 


* From pin or AND array 


• Eleven clock sources 


• Register Preload and Diagnostic 
Test Mode Features 


• Security fuse 


APPLICATIONS 


• Mealy or Moore State Machines 
- Synchronous 
- Asynchronous 


• MUltiple, independent 
State 
Machines 


• 1Q-bit ripple cascade 


• Sequence recognition 


• Bus Protocol generation 


• Industrial control 


• AID Scanning 
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PLC42VA12 


CMOS Programmable 
Logic 


Sequencer (42 x 105 x 12) 


DESCRIPTION 
ORDER CODE 


24-Pin Ceramic Dual In-Line with window, 
PLC42VA 12FA 
Reprogrammable {300m if-wide) 


24-Pin Plastic Dualln-Une, 
PLC42VA12N 
One Time Programmable {300m if-wide) 


28-Pin Plastic Leaded Chip Carrier, 
PLC42VA12A 
One Time Programmable (450mif-wide) 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
--{).5to +7 
Voc 


VIN 
Input voltage 
--{).5 to Vcc +0.5 
Voc 


VOUT 
Output voltage 
--{).5 to Vcc +0.5 
Voc 


IIN 
Input currents 
-10to 
+10 
mA 


lOUT 
Output currents 
+24 
mA 


TA 
Operating temperature range 
o to +75 
°c 


TSTG 
Storage temperature range 
-<;5 to +150 
°c 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


+5V11' 
FROM 
OUTPUT 
(ax, FX) 
TEST 
POINT 


UNDER 
TEST 
R2 
CL' 


MEASUREMENTS, 
All circuit 
delays 
are mea6ured 
at the .1.5V 
level of inputs and outputs, 
unless 
otherwise 
specified. 


Input Pulses 


CMOS Programmable 
Logic 


Sequencer 
(42 x 105 x 12) 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITION 
Min 
Typ' 
Max 
UNIT 


Input voltagr 


VL 
Low 
Vce = Min 
--{).3 
0.8 
V 


VIH 
High 
Vce = Max 
2.0 
Vce + 0.3 
V 


Output voltage2 


Vex 
Low 
Vce = Min 
0.5 
V 
IOL= 16mA 


VOH 
High 
IOH= --3.2mA 
2.4 
V 


Input current 


IlL 
Low 
VIN=GND 
-10 
iJA 


IIH 
High 
VIN= Vce 
10 
iJA 


Output current 


IO(OFF) 
Hi-Z state 
VOUT= Vcc 
10 
iJA 


VOUT= GND 
-10 
iJA 


los 
Short--<:ircuit3·6 
VOUT= GND 
-130 
mA 


Ice 
Vce supply current (Active)' 
louT = OmA, f = 15MHz5, Vce = Max 
90 
mA 


Capacitance 


Ct 
Input 
Vce = 5V 
12 
pF 
VIN= 2.0V 


CB 
I/O 
VB = 2.0V 
15 
pF 


NOTES: 
1. All typical values are at Vce = 5V. TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. 
Duration of short--Orcuit should not exceed one second. Test one at a time. 
4. 
Tested with TIL input levels: V1L= 0.45V, VIH= 2.4V. Measured with all inputs and outputs switching. 


5. 
Refer to Figure 1. t.lcc vs Frequency (worst case). (Referenced from 15MHz) 


6. 
Refer to Figure 2 for t.lpD vs output capacitance loading. 


/ 
/ 
V 
/ 
/ 
V 
/ 
/ 
/ 


Figure 1. t.lcc vs Frequency 
(Worst Case) (Referenced 
from 15MHz) 
Figure 2. t.tpD vs Output 
Capacitance 
Loading (Typical) 


CMOS Programmable 
Logic 
Sequencer 
(42 x 105 x 12) 


PLC42VA12 


TEST2 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITION 
Min 
Typ' 
Max 
UNIT 


(CL(pF» 


Set-upTIme 


tIS' 
Input; dedicated clock 
(1,8, M)+/- 
CK+ 
50 
25 
ns 


tlS2 
Input; P-term clock 
(1,8, M)+/- 
(1,8, M)+/- 
50 
15 
ns 


tlS3 
Preload; dedicated clock 
(M)+/- 
CK+ 
50 
10 
ns 


tlS4 
Preload; P-term clock 
(M)+/- 
(1,8, M)+/- 
50 
0 
ns 


tlS5 
Input through complement array; 
(1,8, M)+/- 
CK+ 
50 
50 
ns 
dedicated clock 


tlS6 
Input through complement array; 
(1,8, M)+/- 
(1,8, M)+/- 
50 
40 
ns 
P-term clock 


Propagation 
Delay 


tpo 
Propagation Delay 
(1,8, M)+/- 
(1,8, M)+/- 
50 
35 
ns 


!eKO' 
Clock to Output; Dedicated clock 
CK+ 
(M) +/- 
50 
15 
ns 


!eK02 
Clock to output; P-term clock 
(1,8, M)+/- 
(M)+/- 
50 
30 
ns 


Registered operating period; 
!eKP' 
Dedicated clock 
(1,8, M)+/- 
(M)+/- 
50 
40 
ns 
(tiS' + !eKO') 


!eKP2 
Registered operating period; 
(1,8, M)+/- 
(M)+/- 
50 
45 
ns 
P-term clock (t1S2+ !eK02) 


Register preload operating period; 
!eKP3 
dedicated clock 
(M)+/- 
(M)+/- 
50 
25 
ns 
(t'S3+ !eKO') 


Register preload operating period; 
!eKP4 
P-term clock 
(M)+/- 
(M)+/- 
50 
30 
ns 
(t,S4+ !eK02) 


Registered operating period with 


!eKP5 
complement array; dedicated 
(1,8, M) +/- 
(M)+/- 
50 
65 
ns 
clock (t1S5+ !eKO') 


Registered aeerating period with 


!eKP6 
complement array; P-term clock 
(1,8, M)+/- 
(M)+/- 
50 
70 
ns 
(t1S6+ !eK02) 


toE' 
Output Enable; from fOE pin 
/OE- 
(M)+/- 
50 
20 
ns 


toE2 
Output Enable; from P- term 
(1,8, M)+/- 
(8, M)+/- 
50 
30 
ns 


too, 
Output Disable; from fOE pin 
/OE+ 
Outputs 
5 
20 
ns 
disabled 


to02 
Output Disable; from P-term 
(1,8, M)+/- 
Outputs 
5 
30 
ns 
disabled 


tPRO 
Preset to Output 
(1,8, M)+/- 
(M)+/- 
50 
30 
ns 


tpPR 
Power-on 
Reset (Mn = 1) 
Vcc + 
(M)+/- 
50 
15 
ns 


Hold Time 


t'Hl 
Input (Dedicated clock) 
CK+ 
(1,8, M)+/- 
50 
0 
ns 


t'H2 
Input (P- term clock) 
(1,8, M)+/- 
(1,8, M)+/- 
50 
10 
ns 


t'H3 
Input; from Mn (Dedicated clock) 
CK+ 
(M)+/- 
50 
15 
ns 


tlH4 
Input; from Mn (P-term 
clock) 
(1,8, M)+/- 
(M)+/- 
50 
25 
ns 


Pulse Width 


!eKHl 
Clock High; Dedicated clock 
CK+ 
CK- 
50 
15 
ns 


!eKl1 
Clock Low; Dedicated clock 
CK- 
CK+ 
50 
15 
ns 


!eKH2 
Clock High; P-term 
clock 
CK+ 
CK- 
50 
20 
ns 


!eKL2 
Clock Low; P- term clock 
CK- 
CK+ 
50 
20 
ns 


tpRH 
Width of preseUreset input pulse 
(1,8, M)+/- 
(1,8, M) +/- 
50 
30 
ns 


CMOS Programmable 
Logic 


Sequencer (42 x 105 x 12) 


PLC42VA12 
TEST" 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITION 
Mln 
Typ' 
Max 
UNIT 


(CL(pF» 


Frequency 
of Operation 


fCK' 
Dedicated clock frequency 
C+ 
C+ 
50 
33 
MHz 


fCK2 
p- term clock frequency 
C+ 
C+ 
50 
25 
MHz 


Registered operating frequency; 


fMAx, 
Dedicated clock 
(I, B, M)+/- 
(M)+/- 
50 
25 
MHz 
(tiS' + lcKO') 


Registered operating frequency; 


fMAX2 
P- term clock 
(I, B, M)+/- 
(M)+/- 
50 
22.2 
MHz 
(tls2 + lcK02) 


Register preload operating fre- 
fMAX3 
quency; Dedicated clock (tls3 + 
(M)+/- 
(M)+/- 
50 
40 
MHz 
lcKO') 


Register preload operating fre- 


fMAX4 
quency; P- term clock (tiS<+ 
(M)+/- 
(M)+/- 
50 
33 
MHz 
lcK02) 


Registered operating frequency 


fMAX5 
with complement array; 
(I, B, M)+/- 
(M)+/- 
50 
15.4 
MHz 
Dedicated clock 
(tlsS + lcKO') 


Registered operating frequency 
fMAx6 
with complement array; 
(I, B, M)+/- 
(M)+/- 
50 
14.3 
MHz 
P- term clock (t1S6+ lcK02) 


NOTE: 
1. All typical values are at Vcc = 5V, TA = +25°C. 
2. 
Refer also to AC Test Conditions (Test Load Circuit). 
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OR ARRAY 


CMOS Programmable 
Logic 
Sequencer 
(42 x 105 x 12) 


FROM OR 
ARRAY 


TO AND 


ARRAY 


Output 
Macro Cell Configuration 


Signetics unique Output 
Macro Cell design 
represents a significant advancement 
in the 
configurability of multi-function 
Programmable 
Logic Devices. 


The PLC42VA 12 has 10 programmable Output 
Macro Cells. Each can be individually 
pro- 


grammed in any of 5 basic configurations: 


• Dedicated 1/0 (combinatorial) with feed- 
back to AN D array 


• Dedicated Input 


• Combinatorial 1/0 with feedback and 


Buried Register with feedback (register 
bypass) 


• 
Registered Input 


• Registered Output with feedback 


Each of the registered options can be further 
customized as J-K type or D-type, with either 
an internally derived clock (from the AND array) 


or clocked from an external source. With these 
additional programmable options, it is possible 
to program each Output Macro Cell in anyone 
of 20 different configurations. 


These 20 configurations, 
combined with the 
fully 
programmable 
OR 
array, 
make 
the 
PLC42VA 12the most versatile and silicon effi- 
cient of all the Output Macrocell-type 
PLDs. 


The most significant Output Macro Cell (OMC) 
feature is the implementation of the register by- 
pass function. Any of the 10 J-KlD 
registers 
can be individually bypassed, thus creating a 
combinatorial 1/0 path from the AND array to 
the output pin. Unlike other Output Macrocell- 
type devices, the register in the OMC is fully 
functional as a buried register. Furthermore, 
both the combinatorial 110 and the buried regis- 
ter have separate input paths (from the AND 
array) and separate feedback paths (to the 
AND array). This feature provides the capability 
to operate the buried register independently 
from the combinatorial 1/0. 


The PLC42VA 12 is ideally suited for both syn- 
chronous and asynchronous 
logic functions. 


Eleven clock sources -10 driven from the AND 
array and one from an external source - make 
it possible to design synchronous 
state ma- 


chine 
functions, 
event-driven 
state 
machine 


functions 
and combinatorial 
(asynchronous) 


functions all on the same chip. 


Sophisticated control functions support individ- 
ual OE control and Reset functions from the 
AN Darray. OE control is also available from the 
I,.'OE pin. Register Preset and Load functions 
are controlled in 2 banks of 4 forOMCs M,-Ms. 
Output Macro Cells Meand Mg have individual 
Preset and Load Control terms. 


Output Polarity for the combinatorial 1/0 paths 
is configurable via 12 programmable 
EX-OR 
gates. The output of each register can be confi- 
guredas inverting (active Low) or non-inverting 
(active High) via manipulation of the logicequa- 
tions. 
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r----------------------------l 
I 
OUTPUT 
MACRO 
CEll 
I 
: 
ICLOCK 
OPTIONS I 
i 


I 
I 
I OUTPUT 


M 
I 
I 
I 
I 
I 
I 
I 
____________________________ 
J 


ARCHITECTURAL 
OPTIONS 


REGISTER 
SELECT 
OPTIONS 


REGISTER 
MODE 
(0 or JK) 
CODE 


O-TYPE 
A 


FC CONTROL 
P-TERM 
L 


REGISTER 
MODE 
(0 or JK) I 
CODE 


JK-TYPE 
I . 


Fe CONTROL 
P- TERM 
I 
H 


OMC Programmable 
Options 


For purposes 
of programming, 
the Output 


Macro Cell should be considered to be parti- 
tioned in to five separate blocks. As shown in 
the drawing titled "Output Macro Cell Program- 
mable Options", the programmable blocks are: 
Register 
Select 
Options, 
Polarity 
Options, 


Clock Options, OMC Configuration 
Options 
and Output Enable Control Options. 


There is one programmable 
location asso- 


ciated with each 
block except 
the Output 


Enable Control block which has two program- 
mable fuse locations per OMC. 


The following 
drawings 
detail 
the options 
associated 
with each programmable 
block. 


The associated programming codes are also 
included. The table titled "Output Macro Cell 
Configurations" lists all the possible combina- 
tions of the five programmable options. 


Register 
Select Options 


Each OMC Register can be configured either 
as a D-type or a J-K flip-flop. The Flip-Flop 
Control term, Fc, provides the option to control 
each Register dynamically-switching 
from 


D-type to J-K type based on the Fc control 
signal. 


Register Preset and Reset are controlled from 
the AND array. Each OMC has an individual 
Reset Control term (RMn). The Register Pre- 
set function is controlled in two banks of 4 for 
OMCs M1 - M3 and M. - Me (via the control 
terms PA and PB). OMCs Mo and Mg have 
individual control terms (PMo and PMgrespec- 
tively). 


ARCHITECTURAL 
OPTIONS 
(Continued) 


REGISTER 
SELECT 
OPTIONS 
(Continued) 


REGISTER 
MODE 
(0 0< JK) 
CODE 


DYNAMICALLY 
CONTROLLABLE 
A 


Fe CONTROl 
P- TERM 
Lo< 
H 
I 


POLARITY 
OPTIONS 
(for Combinatorial I/O Configurations Only') 
Polarity 
Options 
When an OMC is configured as a Combinate- 
rial I/O with Buried Register, the polarity of the 
combinatorial 
path can be programmed 
as 


Active-H igh or Active-Low. 
A configurable 


EX-DR gate provides polarity control. 


If an OMC is configured as a Registered Out- 
put, /0 is propagated to the output pin. Note 
that either 0 or /0 can be fedback to the AND 
array by manipulating the feedback logic equa- 
tions. (TRUE or COMPLEMENT). 


OR :RRR~~~ 
OMC CONFIG. HOUTPUT 
CONTROL 
~ 
r' 
OPTIONS 
OPTIONS 


POLARITY 
CODE 


CLK 
OPTIONS 


EXTERNAL 
CLOCK 
(FROM 
PIN 1) 


CLK 
OPTIONS 


P-TERM 
CLOCK 


Clock Options 
In the unprogrammed state, all Output Macro 
Cell clock sources are connected to the Exter- 
nal Clock pin (loICLK pin 1). Each OMC can be 
individually programmed such that its P-term 
Clock (CKn) is enabled, thus disabling it from 
the External Clock and providing event--<Jriven 
clocking capability. 


This feature supports multiple state machines, 
clocked at several different rates, all on one 
c1hip,or the ability to collect large amounts of 
random logic, including 10 separately clocked 
flip-flops. 
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OMC 
CONAGURATION 


REGISTERED 
OUTPUT 
(Do<JK) 


OMC 
CONAGURATION 
CODE 


REGISTERED 
INPUT 
A or.5 


lOAD 
CONTROl 
P- TERM 
Ii" 


FROM 
OR 


ARRAY 


OMC Configuration 
Options 
Each OMC can be configured as a Registered 
Output with feedback, a Registered Input or a 
Combinatorial 1/0 with Buried Register. Dedi- 
cated Input and dedicated II0configurations 
are 


also possible. 


When the Combinatorial 110 option is selected, 
(the Register Bypass option), the Buried Regis- 
ter remains 100% functional, with its own inputs 
from the AND array and a separate feedback 
path. This unique feature is ideal for designing 
any type of state machine; synchronous Mealy- 
types 
that require 
both 
Buried 
and Output 
Registers, or asynchronous 
Mealy-types 
that 
require buried registers and combinatorial out- 
put functions. Both synchronous and asynchro- 
nous Moore-type 
state machines can also be 


easily 
accomodated 
with 
the 
flexible 
OMC 


structure. 


OMC 
CONFIGURATION 
CODE 


COMBINATORIAL 
OUTPUT 
WITH 
BURIED 
REGISTER 
(Oo<JK) 


Note that an OMC can be configured as either 
a Combinatorial 1/0 (with Buried Register) or a 
Registered Output with feedback and itcan still 
be used as a Registered Input. By disabling the 
outputs via any OE control function, the M pin 
can be used as an input. When the Load 
Control P--term is asserted HIGH, the register 
is preloaded from the M pin(s). When the Lc 
P-term 
is Active-Low 
and 
the 
output 
is 


enabled, the OMC will again function as confi- 
gured (either a combinatorial 
1/0 or a regis- 


tered output with feedback). This feature is 
suited for synchronizing input signals prior to 
commencing a state sequence. 
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Output 
Enable 
Control Options 
Similar to the Clock Options, the Output En- 
able Control for each OMC can be connected 
either to an external source (lgIOE, pin 13) or 
controlled from the AND array (P-terrns DMn). 
Each Output can also be perrnanen~y en- 
abled. 


Output Enable control for the two bi-<Jirectional 
I/O (B pins 10 and 11) is from the AND array 
only (P-terms 
DBO and DB1 respectively). 


Complement 
Array Detail 
The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating IF- THEN- 
ELSE logic statements with a minimum num- 
ber of product terms. 


The concept 
is deceptively 
simple. 
If you 
subscribe to the theory that the expressions 
(/A • /B • /C) and (7i.+1r+C) are equivalent, you 
will begin to see the value of this single term 
NOR array. 


The complement array is a single OR gate with 
inputs from the AND array. The output of the 
complement array is inverted and fedback to 
the AND array (NOR function). The output of 
the array will be LOW if anyone or more of the 
AND terms connected to it are active (HIGH). 
If, however, all the connected terms are inac- 
tive (LOW), which is a classic unknown state, 
the output of the complement 
array will be 
HIGH. 


Considerthe product terms A, Band 0 that rep- 
resent defined states. They are also connected 
to the input of the complement array. When the 
condition (notA and not B and nolO) exists, the 
Complement Array will detect this and propa- 
gate an Active-High 
signal to the AND array. 
This signal can be connected to product term 
E,which could be used in turn to reset the state 
machine to known state. Without the comple- 
ment array, one would have to generate prod- 
uct terms for all unknown or illegal states. With 
very complex state machines, this approach 
can be prohibitive, both in terms of time and 


wasted 
resources. 
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LOGIC PROGRAMMING 
PLC42VA 12 logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean andior state equation entry is 
accepted. Schematic capture entry is also sup- 
ported via FutureNet and OrCAD Schematic 
Entry Packages. 


PLC42VA 12 logic designs can also be gener- 
ated using the program table entry format de- 
tailed on the following pages. This program 
table entry format is supported by the Signetics 
AMAZE PLD design software (PTE module). 
AMAZE is available free of charge to qualified 


users. 


To implement the desired logic functions, the 
state of each logic variable from logicequations 
(I, B, 0, P,etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. Symbols for 
OMC configuration have been previously de- 
fined in the Architectural Options section. 


O-C~r"¢"" ¢""""¢'~~ 


I,B,o 
___ 
~~o 
___ 
~~o 
___ 


I,B,o 
I,B,o 
I,~o 
I,~o 


(T, FC, l., P, R, D)n 
(T, FC, l., P, R, Dln 
(T, FC, l., P, R, Dln 
(T, FC, l., P, R, D)n 


I 
STATE 
I 
CODE I 
I 


STATE 
I 
C;E 
I 
I 


STATE 
I 
COLDE I 
I 
STATE 
I 
CODE 1 
I 
INAcnVE1 
I 
0 
I 
I,B,o 
I,ii,a 
I 
DON'T CARE 
I 
- 
I 


__ 
A_c_n_o_N_~~LDE 
_ 
RESET 
~ 
__ 
AHO_CT_~_: 
__ t=j 


--l---..r>-- 
Po R, L 


I 
~ 
(ORB) 


Tn 
-----+----r->- 
P, R, L 
I 
~ 
(ORB) 
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PROGRAMMING CODES 


OMC CONFIGURATION 
POLARITY 
FUSE 
FUSE 


Combinatorial 
I/O with Buried D-type 
register 


External clock source 
A 
• 
Horl 


P-term clock source 
A 
• 
Horl 


Combinatorial 
I/O with Buried J-l( type register 


External clock source 
• 
Horl 


P-term clock source 
H or l 


Registered 
Output (D-type) 
with feedback 


External clock source 
A 
A 
N/A 


P-term clock source 
A 
A 
N/A 


Registered 
Output (J-K type) with feedback 


External clock source 
A 
N/A 


P-term clock source 
A 
N/A 


Registered 
Input (Clocked 
Preload) with feedback 


External clock source 
A 
Aor .5 
OptionalS 


P-term clock source 
A 
Aores 
OptionalS 


OUTPUT CONTROL FUSES 


OUTPUT ENABLE CONTROL 
OE CONTROL FUSE 
En FUSES 
CONTROL SIGNAL 
CONFIGURATION 


I/O controlled 
by tOE pin 
A7 
• 


Output Enabled 
Low 


Output Disabled 
High 


I/O controlled 
by P-term 
.7 
Aor· 


Output Enabled 
High 
Output Disabled 
Low 


Output always Enabled 
A7 
A 
Not Applicable 


NOTES: 
1. This is the initial (unprogrammed) state of the device. 
2. Any gate will be unconditionally inhibited if both the TRUE and COMPLEMENT fuses are left intact. 
3. 
To prevent oscillations, this state is not allowed for Complement Array fuse pairs that are coupled to active product terms. 


4. The OMC Configuration fuse must be programmed as Combinatorial I/O in order to make use of the Polarity Option. 
5. 
Regardless of the programmed state of the OMC Configuration fuse, an OMC can be used as a Registered Input. Note that the Load Control 
P-term must be asserted active-High. 
6. Output must be disabled. 


7. 
For OMCs MOand M9, the programming codes must be reversed to obtain this function (i.e., A = • and. 
= A). 
8. 
Program code definitions: 


A = Active (unprogrammed fuse) 


• 
= Inactive (programmed fuse) 
- 
= Don't Care (both TRUE and COMPLEMENT fuses unprogrammed) 


H = Active-High 
connection 
L = Active-low 
connection 
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1 
~----------------_-_·3V 
(INPU~S~ 
1.5V 
---------------- 
ov 
·----,po 


SYMBOL 
PARAMETER 


fCK1 
Clock Frequency; External Clock 


fCK2 
Clock Frequency; P-term Clock 


!eKH' 


Width 
01 
Input 
Clock 
Pulse; 


External Clock 


!eKH2 
Width of Input Clock Pulse; 
P-term Clock 


!eKL1 
Interval between Clock pulses; 
External Clock 


!eKL2 
Interval between Clock Pulses; 
P-term Clock 


Delay between the Positive Tran- 


!eKO' 
sition 01 External Clock and when 
M Outputs become valid. 


Delay between the Positive Tran- 


tCK02 
sition of P-term Clock and when 
M Outputs beocme valid. 


Delay between beginning of Valid 


tCKPl 
Input and when the Moutputs be- 
come Valid when using External 
Clock. 


Delay between beginning olValid 


!eKP2 
Input and when the M outputs be- 
come Valid when using P-term 
Clock. 


Delay between beginning 01Valid 
Input and when the M outputs be- 


!eKP3 
come Valid when using Preload 
Inputs (from M pins) and External 
Clock. 


Delay between beginning of Valid 
Input and when the Moutputs be- 


!eKP' 
come valid when using Preload 
inputs (from M pins) and P-term 
Clock. 


Delay between beginning of Valid 


!eKP5 
Input and when the M outputs be- 
come Valid when using Comple- 
ment Array and External clock. 


Delay between beginning olValid 


!eKP6 
Input and when the M outputs be- 
come Valid when using Comple- 
ment Array and P-term Clock. 


fMAX' 


Minimum guaranteed Operating 
Frequency; Dedicated Clock 


fMAX2 
Minimum guaranteed Operating 
Frequency; P-term Clock 


Minimum guaranteed Operating 


fMAX3 
Frequency 
using 
Preload; 


Dedicated Clock 


Minimum guaranteed Operating 


IMAX' 
Frequency 
using 
Preload; 


P-Ierm Clock 


Minimum guaranteed Operating 


fMAX5 
Frequency 
using 
Complement 


Array; Dedicated Clock 


Minimum Operating 
Frequency 


IMAX6 
using 
Complement 
Array; 


P-Ierm Clock 


Required delay between positive 


tlH1 
transition of External Clock and 
end of valid input data. 
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_ 
--, 
r-------- 
----- 
+3v 


I. B.O~6~~~U~~~:B~~~ 
,1.5V 
1.5V 


'--------------./ 
OV 


t--------- 


________ 
JI 


I 
I 
I 


VT 
(FORCED 
DIN) 


.... 
\\,-_. 


/45V 


Vcc ...11 


f---'-P-PR------------------ 


SYMBOL 
PARAMETER 


Required delay between positive 


t'H2 
transition of P-term 
Clock and 
end of valid input data. 


Required delay between positive 


t'H3 


transition of External Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins) . 


Required delay between positive 


t'H4 
transition of P-term 
Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required delay between begin- 


tiS' 
ning of valid input and positive 
transition of External Clock. 


Required delay between begin- 


t,S2 
ning of valid input and positive 
transition of P-term Clock input. 


Required delay between begin- 


t,S3 
ning of valid Preload input (from 
M pins) and positive transition of 
External Clock. 


Required delay between begin- 


t,S4 
ning of valid Preload input (from 
M pins) and positive transition of 
P-term Clock input. 


Required delay between begin- 


t,S5 
ning of valid input through Com- 
plement Array and positive tran- 
sition of External Clock. 


Required delay between begin- 


t,S6 
ning of valid input through Com- 
plement Array and positive tran- 
sition of P-term Clock input. 


Delay between beginning of Out- 


toE1 
put Enable signal (Low) from 10E 
pin and when Outputs become 
valid. 


Delay between beginning of Out- 


toE2 
put Enable signal (High or Low) 
from OE P-term and when Out- 
puts become valid. 


Delay between beginning of Out- 


toDI 
put Enable signal (HIGH) from 
10E pin and when Outputs be- 
come disabled. 


Delay between beginning of Out- 


toD2 
put Enable signal (High or Low) 
from OE P-term and when Out- 
puts become disabled. 


Delay between beginning of valid 
tpD 
input and when the Outputs be- 
come valid (Combinatorial Path). 


tpRH 
Width of PreseUReset Pulse. 


Delay between beginning of valid 


tpRO 
PreseUReset Input and when the 
registered Outputs become Pre- 
set ("1") or Reset (-0"). 


Delay between Vcc (after pow- 


tpPR 
er-up) 
and when flip-flops 
be- 


come Reset to -0". Note: Signal 
at Output (M pin) will be inverted. 
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~~R 
STATE REGISTER 


~Sn+' 


SETClo:Jo'(~' 
0, 
'~) 
,X'B' 
c ... 
Ko=O 


RESETQ1:J, 
=0 


K,.(O:J·~· 
0, '~) 
·X·B· c ... 


NOTE: 
Similar logic functions are applicable for D 
mode flip-flops. 


OE 
L" 
CK" 
Pn 
R" 
J 
K 
a 
M 


H 
Hi-Z 


L 
X 
X 
X 
X 
X 
X 
L 
H 


L 
X 
X 
H 
L 
X 
X 
H 
L 


L 
X 
X 
L 
H 
X 
X 
L 
H 


L 
L 
T 
L 
L 
L 
L a 
a 


L 
L 
i 
L 
L 
L 
H 
L 
H 


L 
L 
i 
L 
L 
H 
L 
H 
L 


L 
L 
i 
L 
L 
H 
H a 
Q 


H 
H 
T 
L 
L 
L 
H 
L 
H' 


H 
H 
i 
L 
L 
H 
L 
H 
L' 


+10V 
X 
i 
x 
X 
L 
H 
L 
H" 


X 
i 
x 
X 
H 
L 
H 
L" 
NOTES: 
1. Positive Logic: 
J-K = To + T, + T2 + ... + T3, 
Tn = C· (10' I,' 
12... )' 
(00' a, ..). 


(Bo' B, ...) 
2. i denotes transition for Low to High level. 
3. 
X = Don't care 


4. 
• = Forced at Mn pin for loading the J-K 
flip-flop in the Input mode. The load con- 
trol term, Ln must be enabled (HIGH) and 
the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 
5. At P ~ R = H, a = H. The final state of a 


depends on which is released first. 


6. 
•• = Forced at Fn pin to load J/K flip-flop 
(Diagnostic mode). 


PLC42VA12 
UNPROGRAMMED 
STATE 
A factory shipped unprogrammed 
device is 
configured such that all cells are in aconductive 
state. 


The following are: 


ACTIVE: 
- OR array 
logic terms 


- Output Macro Cells M1 - M8; 


• 
D-type registered outputs 


- External clock path 


- Inputs: Bo, B" Mo, Mg 


INACTIVE: 
- AND array logic and control terms (except 
flip-flop mode control term, Fe) 


- Bidirectional 1/0 (Bo, Btl; 


• 
Inputs are active. Outputs are 3-Stated 
via the OE P-terms, Do and D,. 


- Output Macro Cells Mo and Mg: 


• 
Bidirectional 1/0, 3-Stated via the OE 
P-terrns, DMo and DMg. The inputs are 
active. 


- P-4erm clocks 


- Complement Array 
- J-K Flip-Flop mode 


ERASURE 
CHARACTERISTICS 


(For Quartz Window 
Packages 


Only) 
The erasure characteristics of the PLC42VA 12 
devices are such that erasure begins to occur 
upon exposure to light with wavelength shorter 


than approximately 
4000 Angstroms 
(A). It 


should be noted that sunlight and certain types 
of fluorescent lamps have wavelengths in the 


3000 - 4000A range. Data shows that constant 
exposure 
to room level fluorescent 
lighting 


could erase a typical PLC42VA 12 in approxi- 


mately 
three years, 
while it would take approxi- 


mately 
one week 
to cause 
erasure 
when 


exposed to direct sunlight. If the PLC42VA 12 is 
to be exposed to these types of lighting condi- 
tions for extended 
periods of time, opaque 


labels should be placed over the window to 


prevent 
unintentional 
erasure. 


The recommended erasure procedure for the 
PLC42VA 12 is exposure to shortwave ultra- 
violet light which has a wavelength 
of 2537 


Angstroms (A). The integrated dose (i.e., UV 


intensity x exposure time) for erasure should 
be a minimum of 15Wsecicm2. 
The erasure 


time with this dosage is approximately 30 to 35 
minutes 
using 
an 
ultraviolet 
lamp 
with 
a 


12,000JiW/cm2 
power 
rating. 
The 
device 


should be placed within one inch of the lamp 
tubes during erasure. The maximum integrated 
dose a CMOS EPLD can be expose to with- 
out damage 
is 7258Wsecicm2 
(1 week 
@ 


12000JiW/cm2). 
Exposure 
of these 
CMOS 


EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 


The maximum number of guaranteed 
erasel 


write cycles 
is 50. Data retentions exceeds 20 


years. 
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CKn 
- 
Asynchronous 
Oock 
Control 


Fe 
_ 
Dynamic 
Flip-Flop 
Mode 
Control 


DMn 
- 
OMC 
Dlrecbon 
Control 


On 
- 
ItO 
Direction 
Control 


LMnllnd 
LA,S 
•• OMC 
Load 


PMn llfId 
PA,S •• 
Flip-Flop 
Preset 


AM" 
_ 
Flip-Flop 
Re50t 
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DESCRIPTION 
The PLC415-16 
PLD is a CMOS Program- 
mable Logic Sequencer of the Mealy type. The 
PLC415-16 
is a pin-for-pin 
compatible, func- 
tional supersetof the PLS 105 and PLUS405 Bi- 
polar Programmable LogicSequencerdevices. 


The PLC415 is ideally suited for high density, 
power sensitive controller functions. The Power 
Down feature provides true CMOS standby 


power levels of less than 1OO~. The EPROM- 
based process technology supports operating 
frequencies of 16 to 2OMHz. The PLC415-16 
has been designed to accept both CMOS and 
TTL input levels to facilitate logic integration in 
almost any system environment. 


The PLC415 architecture has been tailored for 
state machine functions. Both arrays are pro- 
grammable, 
thus providing full interconnect- 
ability. Anyone 
or all of the 64 AN D transition 


terms can be connected to any (or all) of the 8 
buried state and 8 output registers. 


Two dock sources enable the design of 2 state 
machines on one chip. The J-K flip-flops pro- 
vide the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. The 
programmable 
Initialization 
feature 
supports 
asynchronous initialization of the state machine 
to any user defined pattern. Separate INITfunc- 
tions and Output Enable functions are controlla- 
ble either from the array or from an external pin. 


The unique Complement 
Array feature' sup- 
ports complex ELSE transition statements with 
a single product term. The PLC415-16 
has 2 
Complement Arrays which allows the user to 
design two independent complement functions. 
This is particularly useful if two state machines 
have been implemented on one chip. 


PLC415-16 
CMOS Programmable 
Logic 
Sequencer 
(17 x 68 x 8) 


• Pin-for-Pin 
compatible, 
functional 
superset 
of PLS105/A and PLUS405 
Logic Sequencers 


• Zero standby 
power of less than 100~ 
(worst case) 
- 
Power dissipation 
at floIAX = 80m A 
(worst case) 


• CMOS and TTl compatible 


• 
Programmable 
asynchronous 
Initialization 
and OE functions 
- 
Controllable 
from AND Array or 
external 
source 


• 17 input variables 


• 8 output functions 


• 68 Product Terms 
- 
64 transition 
terms 


- 
4 control 
terms 


• 8-bit State Register 


• 8-bit Output Register 


• 2 Transition 
Complement 
Arrays 


• Multiple clocks 


• Diagnostic 
test modes features for 
access 
to state 
and 
output 
registers 


• Power-on 
preset of all registers 
to "r 


• J-K flip-flops 
- 
Automatic 
Hold states 


• Security 
Fuse 


• 3-Slate 
outputs 


• Interface protocols 


• Sequence detectors 


• Peripheral 
controllers 


• Timing generators 


• 
Sequential 
circuits 


• Elevator controllers 


• Security 
locking 
systems 


• 
Counters 


• Shift Registers 


NOTE: 
N _ Plastic 
FA _ Ceramic 
with Quartz 
window 
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PIN NO. 
SYMBOL 
NAME AND FUNCTION 
POLARITY 


1 
CLK1 
Clock: The Clock input to the State and Output Registers. A Low-ta-High 
transition on 
Active-High 
(H) 
this line is necessary to update the contents of both registers. Pin 1 only clocks Po_ 3 and 
Fo _ 3 if Pin 4 is also being used as a clock. 


2,3,5-9, 
10- I., 17, 16 
logic 
Inputs: The 12 external inputs to the AND array used to program jump conditions 
Active-High/Low 


26-27 
18-19 
between machine states, as determined by a given logic sequence. True and complement 
(H/L) 


20--22 
1'3 -1'5 
signals are generated via use of "H" and "L". 


4 
IsiCLK2 
logic 
Input/Clock: 
A user programmable function: 


• logic 
Input: A 13th external logic input to the AND array, as above. 
Active-High/Low 


(H/L) 


• Clock: A 2nd clock for the State Registers P'-7 
and Output Registers F. -7, 
as above. 
Active-High 
(H) 


Note that input buffer 15must be deleted from the AND array (i.e., all fuse locations "Don't 
Care") when using Pin 4 as a Clock. 


23 
1'2 
Logic/Diagnostic 
Input: A 14th external logic input to the AND array, as above, when 
Active-High/Low 


exercising standard TIL or CMOS levels. When 1'2 is held at +11V, device outputs Fo - F7 
(H/L) 


reflect the contents of State Register bits Po- P7. The contents of each Output Register 
remains 
unaltered. 


24 
I" 
logic/Diagnostic 
Input: A 15th external logic input to the AND array, as above, when 
Active-High/Low 


exercising standard TIL or CMOS levels. When I" is held at +11V, device outputs Fo - F7 
(H/L) 


become direct inputs for State Register bits Po- P7; a Low-to-High 
transition on the ap- 
propriate clock line loads the values on pins Fo - F7 into the State Register bits Po- P7. 
The contents of each Output Register remains unaltered. 


25 
I,D 
logic/Diagnostic 
Input: A 16th external logic input to the AND array, as above, when 
Active-High/Low 


exercising standard TIL or CMOS levels. When 110 is held at +11V, device outputs Fo - F7 
(H/L) 
become direct inputs for Output Register bits 00 - 07; 
a Low-ta-High 
transition on the 
appropriate clock line loads the values on pins Fo - F7 into the Output Register bits 00- 
07. 
The contents of each State Register remains unaltered. 


10--13 
Fo- 
F7 
logic 
Outputs/Diagnostic 
Outputs/Diagnostic 
Inputs: 
Eight device outputs which nor- 
Active-High 
(H) 
15-18 
mally reflect the contents of Output Register Bits 00 - 07, when enabled. When 1'2 is held 
at +11V, Fo - F7 = (Po - P7). When I" is held at +11V, Fo - F7 become inputs to State Reg- 
ister bits Po- P7. When 110 is held at +11V, Fo - F7 become inputs to Output Register bits 
00-07, 


19 
INITIOE 
External Initialization, 
External/OE, 
PO or 1,6: A user programmable function: Only one 
'lEY'PD 
of the four options below may be selected. Note that both Initialization and fOE options are 
alternately available via the AND array. (P-terms 
INA, INB, OEA, and OEB.) 


• External Initialization 
: Provides an asynchronous Preset to logic "1" or Reset to logic 
Active-High 
(H) 
-0" of any or all State and Output Registers, determined individually on a register-by- 
register basis. INIT overrides the clock, and when held High, clocking is inhibited. Normal 
clocking resumes with the first full clock pulse following a High-to-Low 
clock transition, 
after the INIT pulse goes Low. See timing diagrams for !NvCKand tVCK.Note that if the 
External Initialization option is selected, 1'6 is disabled automatically via the design 
software and the Power Down and External OE options are not available. Internal OE is 
available via P- Terms OEA and/or OEB. This option can be selected for one or both banks 
of registers. 


• External Output Enable: Provides an Output Enable/Disable function for Output Regis- 
Active-Low 
(L) 


ters. Note that if the External OE option is selected, 1'6 is disabled automatically via the 
design software and the Power Down and ExternallNIT 
options are not available. Internal 
INIT is available via P-terms INA and/or INB. This option can be selected for one or both 
banks of registers. 


• Power Down: When invoked, provides a Power Down (zero power) mode. The contents 
Active-High 
(H) 
of all Registers is retained, despite the toggling of the Inputs or the clocks. To obtain the 
lowest possible power level, all Inputs should be static and at CMOS input levels. Note that 
if the PD options is selected, 1'6 is disabled automatically via the design software and the 
ExternallNIT 
and External OE options are not available. InternallNIT 
is available via 
P-terms INA and/or INB and Internal OE is available via P-terms OEA and/or OEB. 


• logic 
Input: The 17th external logic input to the AND array as above. Note that when 
Active-High/Low 


the 1'6 option is selected, the Power Down, External/OE 
and ExternallNIT 
are not avail- 
(H/L) 


able. Internal OE and InternallNITare 
available from P-Terms OEAlOEB and INAIINB, 
respectively. 
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OPTION 


Vcc 
INIT 
OE 
I,. 
I" 
1'2 
CK 
J 
K 
Op 
OF 
F 


H 
X 
X 
X 
X 
X 
X 
H/L 
H/L 
OF 


X 
+11V 
X 
X 
i 
x 
X 
Op 
L 
L 


X 
+11V 
X 
X 
i 
x 
X 
Op 
H 
H 


X 
X 
+11V 
X 
i 
x 
X 
L 
OF 
L 


X 
X 
+llV 
X 
i 
x 
X 
H 
OF 
H 


X 
X 
X 
+11V 
X 
X 
X 
Op 
OF 
Op 


L 
X 
X 
X 
X 
X 
X 
Op 
OF 
OF 


+5V 
H 
X 
X 
X 
X 
X 
X 
Op 
OF 
Hi-Z 


X 
+11V 
X 
X 
i 
x 
X 
Op 
L 
L 


X 
+11V 
X 
X 
i 
x 
X 
Op 
H 
H 


X 
X 
+11V 
X 
i 
x 
X 
L 
OF 
L 


X 
X 
+11V 
X 
i 
x 
X 
H 
OF 
H 


L 
X 
X 
+llV 
X 
X 
X 
Op 
OF 
Op 


L 
X 
X 
X 
X 
X 
X 
Op 
OF 
OF 


L 
X 
X 
x 
i 
L 
L 
Op 
OF 
OF 


L 
X 
X 
x 
i 
L 
H 
L 
L 
L 


L 
X 
X 
x 
i 
H 
L 
H 
H 
H 


L 
X 
X 
x 
i 
H 
H 
op 
OF 
OF 


i 
L 
L 
X 
X 
X 
X 
X 
X 
H 
H 
H 


NOTES: 
1. Positive Logic: 
SIR (or J/K) = To + T, + T2 + ... 
T63 
Tn = (Co, C,)(lo, I" 
12, 
... 
) (PO,P, ... 
P7) 
2. 
Either Initialization or Output Eiia5Ie are available, but not both. The desired function is a user-programmable 
option. 
3. i denotes transition from Low-to-High 
level. 


4. 
X = Don't Care (s5.5V) 
5. 
H/L implies that either a High or a Low can occur, depending upon user-programmed 
Initialization selection (each State and Output Register 
individually programmable). 
6. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


VIRGIN 
STATE 


A factory-shipped 
virgin device contains all 


fusible links intact, such that: 
1. INITIOEIPD/I,6 is set to INIT. In order to 
use the INIT function, the user must se- 
lect either the PRESET or the RESET op- 
tion for each flip-flop. Note that regardless 
of the user-i'rogrammed 
initialization, or 
even if the INIT function is not used, all 
registers are preset to "1" by the power- 
up procedure. 


2. All transition terms are inactive (0). 


3. All J/K flip-flop inputs are disabled (0). 


4. The Complement Arrays are inactive. 


5. 
Clock 1 is connected to all State and Out- 
put Registers. 


02 
01 
ao 
ITpJ 6 PRESENT 
STATE 


STA~.REGl.STE,R 
"- +, };, If· 
c· 
•.. 


~ 
-n 
NEXT 
STATE 


SET~,So=(o,· 
0,' 
00) .J(. B' 
c ... 


Ro =. 


RESET01:S, 
=0 
R, =(0,' 0,' 
00).J(. B' c ... 
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FROM 6E PIN 19 


OR PTERM 
OEA 
(Fl}-3) 


OR OEB 
IF4-7) 


FROM INiT PiN 19 


OR PTERM 
INA (Pl>-3) 


OR INB (P4-7) 


FROU INiT PIN 19 
OR PTERM 
INA (Fo-3l 


OR INO IF4-7) 
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The Complement Array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating IF- THEN- 
ELSE logic statements with a minimum number 
of product terms. 


The concept is deceptively simple. If you sub- 
scribe 
to 
the 
theory 
that 
the 
expressions 
(fA • IB • IC) and (A+tj.j:-Cj 
are equivalent, 


you will begin to see the value of this single term 
NOR array. 


The Complement Array is a single OR gate with 
inputs from the AND array. 
The output of the 


Complement Array is inverted and fed back to 
the AND array 
(NOR). The output of the array 
will be Low if anyone or more of the AND terms 
connected to it are active (High). If, however, all 
the connected terms are inactive (Low), which 
is a classic unknown state, the output of the 
Complement Array will be High. 


Consider the Product Terms A, Band 
0 that 
represent defined states. They are also con- 
nected to the input of the Complement Array. 
When the condition (not A and not B and not D) 
exists, the Complement Array will detect this 
and propagate an Active-High 
signal to the 


AND array. 
This signal can be connected to 
Product Term E, which could be used in turn to 
reset the state machine to a known state. With- 
out the Complement Array, one would have to 
generate product terms for all unknown or ille- 
gal states. With very complex state machines, 
this approach can be prohibitive, both in terms 
of time and wasted reSOurces. 


Note that the PLC415-16 
has 2 Complement 
Arrays which allow the user to design 2 inde- 
pendent Complement functions. This is particu- 
larly useful if 2 independent 
state machines 
have been implemented on one device. 
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DESCRIPTION 
OPERATING 
ORDER CODE 
FREQUENCY 


2B-Pin Ceramic DIP with window; 


f"'AX = 16MHz 
PLC415-16FA 
Reprogrammable (600mil-wide) 


2B-Pin Plastic DIP; 
''''AX = 16MHz 
PLC415-16N 
One-Time Programmable (6oomil-wide) 


2B-Pin Plastic Leaded Chip Carrier; 
''''AX = 16MHz 
PLC415-16A 
One- Time Programmable (450mil-wide) 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V1N 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
-30 to +30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
o to +75 
°c 


TSTG 
Storage temperature range 
~5to+150 
°c 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


UMITS 
I 


SYMBOL 
PARAMETER 
TEST CONDITION 
Mln 
Typ' 
I 
Max 
I 
UNIT 


Input voltage' 


VI- 
I 
Low 
Vce= MIN 
--{).3 
I 
0.8 
I 
V 


VIH 
I 
High 
Vce= 
MAX 
2.0 
I Vce+03 
I 
V 


Output voltage' 


VOL 
Low 
Vcc = MIN 
0.5 
V 
10L= 16mA 


VOH 
High 
10H=--'3.2mA 
2.4 
V 


Input current 


I'L 
Low 
VIN= GND 
-10 
lJA 


IIH 
High 
V1N= Vcc 
10 
lJA 


Output current 


1010FF) 
Hi-Z state 
VOUT= Vcc 
10 
lJA 
VOUT= GND 
-10 
lJA 


los 
Short-circuit 
3. 6 
VOUT= GND 
-130 
mA 


ICCSB 
Vcc supply current with PD 
Vcc = MAX 
50 
100 
lJA 
asserted? 
V1N= 0 or Vcc 


Ice 
Vce supply current Active 4. 5 
lOUT=OmA 
I 
atl = 1MHz 
55 
mA 


(TIL or CMOS Inputs) 
Vce= 
MAX 
I 
atl= 
MAX 
80 
mA 


Capacitance 


C, 
Input 
Vcc = 5V 
12 
pF 
V'N = 2.0V 


CB 
1/0 
VB = 2.0V 
15 
pF 


CMOS Programmable 
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(17x68x8) 


NOTES: 


1. All typical values are at Vcc = 5V. TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. 
Duration of short-circuit 
should not exceed one second. Test one at a time. 
4. 
Tested with TIL input levels: V1L= 0.45V, VIH~ 2.4V. Measured with all inputs and outputs switching. 
5. 
ReIer to Figure 1, Ice vs Frequency (worst case). 


6. 
ReIer to Figure 2 for 6.lpD vs output capacitance loading. 
7. The outputs are automatically 3-Stated when the device is in the Power Down mode. To achieve the lowest possible current, the inputs and 


clocks should be at CMOS static levels. 
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Figure 1. Icc vs Frequency 
(Worst Case) 
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TEST 
UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITION 
Mln 
Typ 
Max 
UNIT 


Pulse width 


!eKH 
Clock High 
CK+ 
CK- 
30pF 
25 
10 
ns 


!eKL 
Clock low 
CK- 
CK+ 
30pF 
25 
10 
ns 


t'NITH 
Initialization Input pulse 
INIT+ 
INIT- 
30pF 
20 
ns 


Set-uptime 


tIS' 
Input 
(I) +1- 
CK+ 
30pF 
38 
25 
ns 


tlSZ' 
Input through Complement array 
(1)+1- 
CK+ 
30pF 
60 
40 
ns 


tlSPO 
Power Down Setup (from PD pin) 
PD+ 
CK+ 
30pF 
38 
15 
ns 


tlSPU 
Power Up Setup (from PD pin) 
PD- 
First Valid CK+ 
30pF 
38 
30 
ns 


tvs' 
Power on Preset Setup 
Vcc+ 
CK- 
30pF 
0 
ns 


tVCK' 
Clock resume (after INIT) when 
INIT- 
CK- 
30pF 
10 
-5 
ns 
using INIT pin (pin 19) 


tVCKZ' 
Clock resume (after INIT) when 
(I) +1- 
CK- 
30pF 
20 
8 
ns 
using P-term INIT (from AND array) 


tNvcKl 
Clock lockout (before INIT) when 
CK- 
INIT- 
30pF 
10 
-3 
ns 
using INIT pin (pin 19) 


tNVCK2' 
Clock lockout (before INIT) when 
CK- 
INIT- 
30pF 
0 
-5 
ns 
using P-term INIT (from AND array) 


Propagation 
delays 


!eKo 
Clock to Output 
CK+ 
(F) +1- 
30pF 
15 
22 
ns 


tpoz 
Power Down to outputs off 
PD+ 
Outputs Off 
5pF 
25 
30 
ns 


tpUAl 
Power Up to outputs Active 
PD- 
Outputs Active 
30pF 
20 
35 
ns 
with dedicated Output Enable 


tPUA2' 
Power Up to outputs Active 
PD- 
Outputs Active 
30pF 
37 
55 
ns 
with P-terrn Output Enable' 


t,HPU 
last valid clock to Power Down 
Last Valid Clock 
PD+ 
30pF 
25 
15 
delay (Hold) 
ns 


t,HPO 
First valid clock cycle before Power 
Beginning of First 
PD- 
30pF 
0 
-25 
ns 
Up 
Valid Clock Cycle 


IoE' 
Output Enable: from IOE pin 
OE- 
Output Enabled 
30pF 
15 
30 
ns 


IoEZ' 
Output Enable; from P-term 
(I) +1- 
Output Enabled 
30pF 
25 
40 
ns 


100' 
Output Disable; from IOE pin 
OE+ 
Output Disabled 
5pF 
20 
30 
ns 


tooz 
Output Disable; from P-term 
(I) +1- 
Output Disabled 
5pF 
30 
40 
ns 


t'NIT' 
INIT to output when using INIT pin 
INIT+ 
(F) +1- 
30pF 
22 
35 
ns 


tINITZ 
INIT to output when using P-term 
(I) +1- 
(F) +1- 
30pF 
35 
45 
ns 
INIT 


tPPR' 
Power-<>n Preset (Fn = 1) 
Vcc + 
(F) + 
30pF 
15 
ns 


!eKP' 
Registered operating period; 
(I) +1- 
(F) +1- 
30pF 
40 
60 
ns 
(tiS' + !eKo,) 


!eKPZ' 
Registered operating period with 
(I) +1- 
(F) +1- 
30pF 
55 
75 
ns 
Complement Array (t,sz + !eKo,) 


NOTE: 
1. Not 100% tested, but guaranteed by design/characterization. 


TEST 
UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
CONDITION 
Mln 
Typ 
Max 
UNIT 


Hold time 


tlH 
Input Hold 
CK+ 
(F) +/- 
30pF 
-10 
0 
ns 


Frequency 
of operation 


feLK' 
Clock (toggle) frequency 
C+ 
C+ 
30pF 
20 
50 
MHz 


fMAX' 


Registered operating frequency 
(I) +/- 
(F) +/- 
30pF 
16.7 
25 
MHz 
(trs, + lcKO') 


fMAX2 


Registered operating frequency with 
(I) +/- 
(F)+/- 
30pF 
13.3 
18.2 
MHz 
Complement Array (trs2 + lcK01) 


NOTE: 
1. Not 100% tested, but guaranteed by design/characterization. 


.3V 


ov 


.3V 


1.5V 
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The PLC415-16 has a unique power down fea- 
ture that is ideal for power sensitive controller 
and state machine applications. During idle pe- 
riods, the PLC415 can be powered down to a 
near zero power consumption level of less than 
100 micro Amps. 
Externally controlled 
from 
Pin 19, the power down sequence first saves 


the data in all the State and Output registers. In 
order to insure that the last valid states are 
saved, there are certain hold times associated 
with the first and last valid clock edges and the 
Power Down input pulse. The Outputs are then 
automatically 3-Stated 
and power consump- 
tion is reduced to a minimum. 


Once in the power down mode, any or all of the 
inputs, including the clocks, may be toggled 
without the loss of data. To obtain the lowest 
possible power level, the inputs should be at 
static CMOS input levels during the power 
down period. 
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SYMBOL 
PARAMETER 


felK 
Minimum guaranteed toggle 
frequency of the clock (from 
Clock HIGH to Clock HIGH). 


fMAX1,2 
Minimum guaranteed 
operating frequency. 


lcKH 
Width of input clock pulse. 


lcKl 
Interval between clock 
pulses. 


lcKPl 
Minimum guaranteed 
operating period - when not 
using Complement Array. 


lcKP2 
Minimum guaranteed 
operating period - when 
using Complement Array. 


lcKO 
Delay between positive 
transition of Clock and when 
Outputs become valid (with 
outputs enabled). 


tlH 
Required delay between 
positive transition of Clock 
and end of valid Input data. 


tlHPD 
Required delay between the 
positive transition of the 
beginning of the first valid 
clock cycle to the beginning 
of Power Down LOW to 
insure that the last valid 
states are intact and that the 
next positive transition of the 
clock is valid. 


tlHPU 
Required delay between the 
positive transition of the last 
valid clock and the beginning 
of Power Down HIGH to 
insure that last valid states 
are saved. 


tlNITH 
Width of initialization input 
pulse. 


tlNIT1 
Delay between positive 
transition of Initialization and 
when Outputs become valid 
when using externallNIT 
control 'from pin 19). 


tlNIT2 
Delay between positive 
transition of Initialization and 
when outputs become valid 
when using internallNIT 
control (from P-terms INA 
and INB). 


tlSPD 
Required delay between the 
beginning of Power Down 
HIGH (from pin 19) and the 
positive transition of the next 
clock to insure that the clock 
edge is not detected as a 
valid Clock and that the last 
valid states are saved. 


SYMBOL 
PARAMETER 


tlSPU 
Required delay between the 
beginning of Power Down 
LOW and the positive 
transition of the first valid 
clock. 


tlS1 
Required delay between 
beginning of valid input and 
positive transition of Clock. 


tl52 
Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


lNVCKl 
Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization 
when using externallNIT 
control (from pin 19) to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


tNVCK2 
Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization, 
when using the internal INIT 
control (from P-terms INA 
and INB), to guarantee that 
the clock edge is not detected 
as a valid negative transition. 


toOl 
Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state, when using 
external OE control (from 
pin 19). 


toD2 
Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State when using 
internal OE control (from 
P-terms OEA and OEB). 


toE1 
Delay between beginning of 
Output Enable Low and when 
Outputs become valid when 
using external OE control 
from pin 19. 


toE2 
Delay between beginning of 
Output Enable Low and when 
outputs become valid when 
using internal OE control 
(from P-terms OEA and 
OEB). 


tpDz 
Delay between beginning of 
Power Down HIGH and when 
outputs are in OFF-State and 
the circuit is "powered down". 


SYMBOL 
PARAMETER 


tPPR 
Delay between Vcc (after 
power--<ln) and when Outputs 
become preset at "1". 


tpUA1,2 
Delay between beginning of 
Power Down LOW and when 
outputs become Active (valid) 
and the circuit is "powered 
up". See AC Specifications. 


tRH 
Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


tRJH 
Required delay between 
positive transition of Clock 
and end of inputs 111or 1'0 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 


tRJS 
Required delay between 
when inputs 111or 110 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 


tSRD 
Delay between input 1,2 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


tSRE 
Delay between input 1'2 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 


tVCK1 
Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding the first valid 
clock pulse when using 
externallNIT 
control (pin 19). 


tVCK2 
Required delay between the 
negative transition of the 
Asynchronous Initialization 
and the negative transition of 
the clock preceding the first 
valid clock pulse when using 
internallNIT 
control (from 
P-terms INA and INB). 


tvs 
Required delay between Vcc 
(after power-<ln) and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


CMOS Programmable 
Logic Sequencer 
(17x68x8) 


+5V 


Vcc 
J:n 


o-r- ~ 


I 
I 
I 
DUT 
I 
cL 
o-l-- 
1,5 
(INCLUDES 
SCOPE 
AND JIG 
<>--- 
CK 
CAPACITANCE) 


GND 


'=" 


LOGIC PROGRAMMING 
PLC415-16 
logic designs can be generated 


using Signetics 
AMAZE design software or 


several other commercially available, JEDEC 
standard 
PLD 
design 
software 
packages. 
Boolean and/or state equation entry format is 
accepted. Schematiccapture 
entry formats are 
also supported. 


~ov~ 


ov 
~ L~1FJ ~~ 


2.5no 
2.5no 
~-Jt,jL- 


2.5na 
2.5cw 


MEASUREMENTS: 
All circuit 
delays 
are 
measured 
at the + 1.5V 
level 
of 


irputs 
and outputs. 
unless 
otherwise 
specified. 


Input Pulses 


PLC415-16 logic designs can also be gener- 
ated using the program table format detailed on 
the following 
page(s). 
This 
Program 
Table 
Entry 
format 
(PTE) 
is 
supported 
by 
the 
Signetics 
AMAZE 
PLD 
design 
software. 


AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, each 
logic variable (I, B, P, S, T, etc.) from the logic 
equations 
if 
assigned 
a 
symbol. 
TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE,INACTIVE, 
etc., symbols are defined 
below. 


ACTION 


PRESETg 


ACTION 


RESET9 
1 


1'p 
1i'P1 


1 


'p 
1 


1 


'p 


I, P 
L P 
I, P 
I, P 


,p 
,p 
,p 
,p 


Tn 
Tn 
Tn 
Tn 


I 
INA::::',2 
~ 
I 
S~~;E 
~ 
I 
S;~;E 
ffi 
I 
DO:~:::RE 
I~ 


Notes are on page 291. 


CMOS Programmable 
Logic Sequencer 
(17x68x8) 


PIN 19 FUNCTION: 
POWER 
DOWN, INIiTALIZATION, 
OE, OR INPUT 


Power Down Mode 


(PO FUSE) 


POWER 
DOWN 


CONTROl. 


FROM 
PIN 1t 


INT 
DISABLED 
FROM 
PIN 1t 


~NTIO'E 
FUSE) 


OEDISABLED 
FROIl 
PIN 18 


(PO FUSE) 


POWER 
DOWN 
DISABLED 


FROM PlN,& 


(INTIO'E 
FUSE) 


OE DISABLED 
FROMPtN 
18 


PDFUSE 
~ 


__ 
PO_W_ER_DOW 
__ 
N_Dl_S_A_B_L_ED 
__ 
~ 


INTERNAllNlT 
FUSES 


P-TERIlINT 
ACTIVE 
OR 
INACTIVE 


(PO FUSE) 


POWER 
DOWN 
DISABLED 
FROM 
PIN 18 


INIT 
DISABLED 
FROM 
PIN 18 


(INlTiOE 
FUSE) 


OECONTROL 
FROIlPIN 
18 


INTERNAL 
INIT FUSES 


P-TERII 
OE ACTIVE 
OR 
INACTIVE 


FROM 
AND 
ARRAY 


~ 


PRESETIRESET 
TO REGISTERS 


INTERNAL 
INT 
FUSE 


-=- 
INIT 
DISABLED 
FROM 
PIN " 


POWER 
DOWN 
FUSE 


POWER 
DOWN 
ENABLED 
OR 
DISABLED 


FROM 
AND 
ARRAY 


~ 


OUTPUTENABLE 
CONTROL 


INTERNAL 
OE FUSE 
-=- 
OE DISABLED 
FROM 
PIN " 


POWER 
DOWN 
FUSE 


POWER 
DOWN 
ENABLED 
OR 
DISABLED 


CMOS Programmable 
Logic Sequencer 


(17 x 68 x 8) 


"'fg[j "'fg[j "'fg[j "'fg[j 
R;T 
K 
R;T 
K 
R;T 
K 
R;T 
K 


I 


ACTION 
I 
C~E 
I 
I 


ACTION 
~ 
I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~E 
I 


TOGGLE2 
SET 
RESET 
DON'T 
CARE 


c;l: c;l: c;l: c;l: 


Tn 
Tn 
Tn 
Tn 


I 


ACTION 
I 
C~E 
I 
I 


ACTK>N 
I 
C~DE 
I 
I 


ACTION 
I 
C':E 
I 
ACTION 
I 
CODE 
I 


INACTIVE', 3 
GENERATE 
PROPAGATE 
I 
TRANSPARENT 
I 
- 
I 


OPTION 


elK10NLY' 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if anyone of its I or P link pairs is left intact. 
3. 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
4. 
These states are not allowed when using PRESET/RESET option. 
5. 
Input buffer 15 must be deleted from the AND array (Le., all fuse locations "Don't Care") when using second clock option. 
6. 
When using Power Down feature, INPUT 16 is automatically disabled via the design software. 
7. 
If the internal (P-terrn) control fuse for INIT andlor OE is programmed as Active High, the associated External Control function will be per- 
manently disabled, regardless of the state of the ExternaiINIT/OE 
fuse. 
8. One internal control fuse exists for each group of 8 registers. Pe- 3 and Fe _ 3 are banked together in one group, as are p. _7 and F. _ 7. 


Control can be split between the INIT/OE pin (Pin 19) and P-terms INA, INS, OEA and OES. 


9. The PLC415-16 
also has a power--<Jppreset feature. This feature insures that the device will power--<Jpin a known state with all register 
elements (State and Output Register) at a logic High (H). When programming the device it is important to realize this is the initial state of the 
devige. You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 
10. L = cell unprogrammed. 


H = cell programmed. 
11. Inputs 10, 11 and 12 (pins 25, 24, & 23) can be used for supervoltage diagnostic mode tests. It is recommended that these inputs!12l be 
connected to product terms INA, INS, OEA or OES if you intend to make use of the diagnostic modes due to the fact that the panems 
associated with the intemallNIT 
and OE control product terms may interfere with the diagnostic mode data loading and reading. 


CMOS Programmable 
Logic Sequencer 


(17 x 68 x 8) 


AND 
(Cn) 
OR (Ns, 
Fn) 
OPTIONS 


(Im,Ps) 


INACTIVE 
0 
INACTIVE 
0 
TOGGLE 
0 
I EXTERNAllNIT 
LI 
POWER 
DOWN 
H 
INITIALIZATION 


SET 
H 
EXTERNAL 
DE 
HI 
ENABLED 
PRESET 
H 
I, P 
H 
GENERATE 
A 
POWER 
DOWN 


I, P 
L 
PROPAGATE 
• 
RESET 
L 
DISABLED 
L 
RESET 
L 


DON'T 
CARE 
TRANSPARENT 
NO CHANGE 
- 
INTERNAL 
NOINIT 
- 
- 
INITfOE 
H 
ENABLED 
I CLOCK 
1 ONLY 
L 
INDETERMINATE 
0 


INTERNAL 
I CLOCK 
1 AND 2 
H 
INIT/OE 
L 
DISABLED 


INTERNAL 
INIT 
I 
INTERNAL 
DE !lll~ 
il~t;~ 


0 
IiiiI 
lC~~ IiIIPO 
::E COMP. 


INB 
INA 
I 
OEB 
O_A 
INITIALIZATION 


~ 
ARRAY 
I 
I 
I 
I 
I 


NOR 
AND 
OR 


Co 
INPUT 
(1m) 
PRESENT 
STATE 
(Ps) 
NEXT 
STATE 
(Ns) 
OUTPUT 
(Fn) 


::::::;:::CI 
co 
I16115114 
113112111 
110 
19 
18 
17 " 


15 
14 
13 
12 " 


10 
P7 
PO 
P5 
P4 
PJ P2 Pl 
PO 
N7 
N6 
N5 N4 NJ 
N2 
Nl 
NO 
F7 F6 F5 
F4 
F3F2 
F1 
FO 


0, 
I 


2 


3 


4 


5 
6 


7 


6 


9" 


I 
""".."" 
17 
" 
W 
" 
:;; 
20 


<{ 
" 
Z 
22 
f- 
Z 
23 


24 
0 
0 
25 
W 
Ui 
26 
(3 
W 
!;;: 
:> 
27 
rr 
W 
28 


"- 
0 
a: 
29 


30 
" 
32 


33 


34 


35 
36 


37 


38 


39 


40..., 


43 


44 


45 
46 


47 


48 


49 


50 
" 
52 


53 


54 


•• 


55 


W 
•• 
56 
:;; 
f- 
f- 
57 
a: 
58 
« 
a: 
rt 
z 
rt 
69 


60 
a: 
(f) 
a: 
" 
w 
0 
W 
62 
:;; 
f= 
:;; 
63 
0 
W 
0 
INB 
f- 
Z 
f- 


E 
(f) 
(f) 


=> 
(') 
=> 
INA 
0 
(Jj 
0 


PIN NQ 
19120 21 22 23 24 
25 
26 
27 
2 
3 
4 
5 
6 
7 
9 
9 
" " " 


13 
1S 16 " " 
PIN 


I 


LABELS 


NOTES, 
,. 
In the unptogramrmd 
slate 
all cells are conducting. 
Thus, the program 
table fOf an unprograrrmed 
device 
would 
contain 
"O·s for all product 
lerrr6 (inactive) 
and 
initialization 
slates 
(indeterminate). 
The default 
or ufl)rograrrmed 
slale 
01 all other options 
is -l", 


2. 
Unused en. 1m and Ps celts are normally 
programmed 
as Don't Care (-). 
3. 
Unused 
product 
terms 
can be left blank 
(inactive) 
for future 
code 
modKicatlon. 


CMOS Programmable 
Logic Sequencer 


(17 x 68 x 8) 


ERASURE 
CHARACTERISTICS 


(For auartz 
Window 
Packages 


Only) 
The erasure 
characteristics 
of the PLC415 


Series devices are such that erasure begins to 
occur upon exposure to light with wavelengths 
shorter than approximately 
4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps has wavelengths in 
the 3000 - 4000A range. Data shows that ccn- 
stant 
exposure 
to 
room 
level 
fluorescent 
lighting 
could 
erase 
a 
typical 
PLC415 
in 
approximately three years, while it would take 


approximately 
one week to cause 
erasure 
when exposed to direct sunlight. If the PLC415 
is to be exposed to these types of lighting condi- 
tions for extended 
periods of time, opaque 


labels should be placed over the window to 
prevent unintentional erasure. 


The reccmmended erasure procedure for the 
PLC415 is exposure to shortwave ultraviolet 
light which has a wavelength 
of 2537 Ang- 
stroms (A). The integrated dose (i.e., UV inten- 


sity X exposure time) for erasure should be a 
minimum of 15Wseclcm2. The erasure time 
with this dosage is approximately 
30 to 35 


minutes 
using 
an 
ultraviolet 
lamp 
with 
a 


12,OOO~W/cm2 
power 
rating. 
The 
device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum integrated 
doseaCMOS 
EPLD can be exposed to without 


damage 
is 
7258Wseclcm2 
(1 
week 
@ 


12000~W/cm2). 
Exposure 
of these 
CMOS 


EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 


The maximum number of guaranteed erasel 
write cycles is 50. Data retention exceeds 20 
years. 
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Programmable Logic Devices 


DESCRIPTION 
The PLS105and the PLS105A are bipolar 
Programmable Logic State machines of 
the Mealy type. They contain logic AND- 
OR gate arrays with user programmable 
connections which control the inputs of 
on-chip 
State 
and 
Output 
Registers. 
These consist respectively of 6 Op, and 8 
OF edge-triggered, clocked SIR flip-flops, 
with an Asynchronous Preset option. all 
flip-flops are unconditionally preset to "1" 
during power turn on. 


The AND array combines 16 external in- 
puts 10-1'5 
with six internal inputs PO-5, 
which are fed back from the State Regis- 
ters to form up to 48 transition terms (AND 
terms). All transition terms can include 
True, False, or Don't Care states of the 
controlling variables, and are merged in 
the OR array to issue next-state 
and 
next-output commandsto their respective 
registers on the Low-te-High transition of 
the Clock pulse. Both True and Comple- 
menttransition terms can be generated by 
optional use of the internal input variable 
(C) from the Complement Array. Also, ij 
desired, the Preset input can be converted 
to Output E'ii'ii.'5le function, as an additional 
user-programmable option. 


Order codes are listed in the Ordering 
Information Table. 


PLS105/A 
Field-Programmable 
Logic 
Sequencers 
(16 x 48 x 8) 


FEATURES 


• PLS105 f"'AX= 13.9MHz 
- 20MHz clock rate 


• PLS105A fMAx= 20MHz 
- 25MHz clock rate 


• Field-Programmable 
(NI-Cr link) 


.16 
input variables 


• 8 output functions 


• 48 transition 
terms 


• 6-bit State Register 


• 8-bit Output Register 


• Transition complement 
array 


• Positive edge-triggered 
clocked 
flip-flOps 


• Programmable 
Asynchronous 
Preset or Output Enable 


• Power-on preset to all "1" of 
internal registers 


• Power dissipation: 
600mW (typ.) 


• TTL compatible 


• Single +5V supply 


• 3-State outputs 


APPLICATIONS 


• Interface protocols 


• Sequence detectors 


• Peripheral controllers 


• Timing generators 


• Sequential circuits 


• Elevator controllers 


• Security locking systems 


• Counters 


• Shift reg isters 


A Package 


10 


1'0 


111 


1'2 


113 


1'4 


1'5 


PRIOE 


F5 
F4 GND F3 
F2 
Os 
Fa 


PhilipsComponents 


PHILIPS 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 
POLARITY 


1 
CK 
Clock: The Clock input to the State and Output Registers. A Low-te-High 
transition on 
Active-High 
this line is necessary to update the contents of both registers. 


2-8 
1,-I,s 
logic 
Inputs: The 15 external inputs to the AND array used to program jump conditions 
Active-High/Low 
20 - 27 
between machine states, as determined by a given logic sequence. 


9 
10 
logic/Diagnostic 
Input: A 16th external logic input to the AND array, as above, when 
Active-High/Low 


exercised with standard TTL levels. When 10is held at +1OV,device outputs Fo_ 5 reflect 
the contents of State Register bits Po- 5. The contents each Output Register remains 
unaltered. 


10-13 
FO-7 
logic/Diagnostic 
Outputs: 
Eight device outputs which normally reflect the contents of 
Active-High 


15-18 
Output Register bits 00-7, 
when enabled. When 10is held at + 10V, FO_5 
= (PO-5), 
and 
F6,7 
= logic "1". 


19 
PRIOE 
Preset or Output EiiiIire Input: A user programmable function: 


• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register 
Active-High 
(H) 


pits. Preset overrides Clock, and when held High, clocking is inhibited and Fo_ 7 are High. 
Normal clocking resumes with the first full clock pulse following a High-te-Low 
clock tran- 


sition, after Preset goes Low. 


• Output EiiiIire: Provides an Output Enable function to all output buffers Fo_ 7 from the 
Active-Low 
(L) 


Output Register. 


~I-c 
-h 


,~I-c 
=t-G 
:!,I-c 
,; 
P 
E 
~ 


~I-c 
:: 
~I-c 
, 
~I-c 


~I-c 


~I-c 


124~ 


~Hi 


22 Hi 


21 Hi 


20 Hi 
~- 


L- 


P, 


P, 


P 
P, 


p. 


P, 
rfc 


"'SO 
Po 


~ 
saP' 
~s 
a 
Pl 


N 
~n 
PJ 


~P. 
~saPs 
~ 


s 
a 
" 
, 
~ 
,, 


s 
a 
" 
~ 
, 
T'ii 
" 
R 
P 
, 
n 
, 
" 


F 
~ 
, 
s 
a 
" 
L! 
,, 


s 
a 
" 
R 
P 
, 
n 
" 
~ 
, 
s 
a 
,. 


R 
P 


47 ••••• 
·40 
39· 
••••• 
32 
31 •••••• 
24 
23 •••••• 
16 
IS· 
••••• 
8 
7·· 
•••• 
0 
, 


NOTES: 
1 All AND gate 
mputs 
with a blown link 1I0ai to a logic" 
1" 
2 All OR gale Inputs with a blown fuse 1I0ai to logiC "0" 
3 
Programmable connection. 


OPTION 


Vcc 
PR 
OE 
10 
CK 
S 
R 
QpfF 
F 


H 
. 
X 
X 
X 
H 
H 
L 
+10V 
X 
X 
X 
an 
(OP)n 


L 
X 
X 
X 
X 
an 
(OF)n 


H 
. 
X 
X 
X 
an 
Hi-Z 


+SV 
L 
+10V 
X 
X 
X 
an 
(OP)n 
L 
X 
X 
X 
X 
an 
(OF)n 


L 
X 
i 
L 
L 
an 
(OF)n 


L 
X 
i 
L 
H 
L 
L 


L 
X 
i 
H 
L 
H 
H 


L 
X 
i 
H 
H 
IND. 
IND. 


i 
X 
X 
X 
X 
X 
X 
H 


NOTES: 
1. Positive Logic: 


SIR = To + T, + T2 +. 
+ T.7 


Tn = C(lo I, 12... 
) (POP, ... 
Ps) 
2. 
Either Preset (Active-High) 
or Output Ena5Ie (Active-Low) 
are available, but not both. The 


desired function is a user-programmable 
option. 


3. i denotes transition from Low-to-High 
level. 


4. 
R = S = High is an illegal input condition. 


S. • = H or L or +1Ov. 
6. X = Don't Care (,;S.SV). 


DESCRIPTION 
ORDER CODE 


28-Pin Plastic DIP (600mil-wide) 
PLSIOSN,PLS10SAN 


28-Pin Plastic Leaded Chip Carrier 
PLS10SA, PLS10SAA 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V'N 
Input voltage 
+S.S 
Voc 


VOUT 
Output voltage 
+S.S 
Voc 


I'N 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+7S 
°C 


TSTG 
Storage temperature range 
-.<;S 
+1S0 
°C 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other oondition above those indi- 
cated in the operational and programming specification of the device is not implied. 


SET~:So=(02· 0, . au>·)(·8· 
c ... 


110=0 


RESET 
Q1: 81 = 0 
R, =(0,·0, 
. au>·)(·8· 
c ... 


VIRGIN 
STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 
1. PRIO"Eoption is sellO PRoThus, all outputs 
will be at"1", as preset by initial power-<Jp 
procedure. 
2. All transition terms are disabled (0). 
3. All SIR flip-flop inputs are disabled (0). 
4. 
The device can be clocked 
via a Test 
Array pre-programmed 
with a standard 
test pallern. 
NOTE: The Test Array pallern MUST be 
deleted before inoorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified 
programming 
equipment. 


TEMPERATURE 


Maximum junction 
ISOoC 


Maximum ambient 
7SoC 


Allowable thermal rise 
7SoC 
ambient to junction 


LIMITS 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
Min 
Typ' 
Max 
UNIT 


Input 
Yoltage2 


V •• 
High 
Vcc 
= Max 
2.0 
V 


Vil 
Low 
Vce 
= Min 
0.8 
V 


Vc 
Clamp3 
Vcc 
= Min, 
IIN = -12mA 
...{J.8 
-1.2 
V 


Output 
Yoltage2 


Vce 
= Min 


VOH 
High' 
10H =-2mA 
2.4 
V 


Vrx 
Lows 
Irx = 9.6mA 
0.35 
0.45 
V 


Input 
current 


I'H 
High 
V,N = 5.5V 
<1 
25 
~ 


I,l 
Low 
V,N = 0.45V 
-10 
-100 
~ 


III 
Low 
(CK 
input) 
V,N = 0.45V 
-.50 
-250 
~ 


OUlput 
current 


Vcc 
= Max 


10(OFF) 
Hi-Z 
state6 
VOUT = 5.5V 
1 
40 
~ 


VOUT = 0.45V 
-1 
--40 
~ 


los 
Short 
circuit3, 
7 
VOUT = OV 
-15 
-70 
mA 


Ice 
Vce 
supply 
currents 
Vcc 
= Max 
120 
180 
mA 


Capacitance" 


Vcc 
= 5.0V 


C'N 
Input 
V,N = 2.0V 
8 
pF 


COUT 
Output 
VOUT = 2.0V 
10 
pF 


NOTES: 


1. 
All typical 
values 
are al Vce 
= 5V, TA = +25°C. 
2. 
All voltage 
values 
are with 
respect 
to network 
ground 
terminal. 


3. 
Tesl one 
al a lime. 
4. 
Measured 
with 
V1l applied 
10 OE' and 
a logic 
high 
slored, 
or with 
V1H applied 
10 PRo 


5. 
Measured 
with 
a programmed 
logic 
condilion 
for which 
the output 
is al a low logic 
level, 
and 
V,l 
applied 
10 PR!OE 
Output 
sink currenl 
is 
supplied 
through 
a resislor 
to Vcc. 


6. 
Measured 
with 
V IH applied 
10 PAlOE'. 


7. 
Duralion 
of short 
circuil 
should 
nol exceed 
1 second. 


8. 
Ice is measured 
with 
the PR!OE 
inpul 
grounded, 
all other 
inpuls 
a14.5V 
and the outpuls 
open. 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
PLS105 
I 
PLS105A 
UNIT 


Min 
Typ' I Max I Min 
Typ' 
Max 


Pulse width 


!eKH 
Clockz High 
CK + 
CK- 
25 
15 
20 
15 
ns 


!eKL 
Clock Low 
CK- 
CK+ 
25 
15 
20 
15 
ns 


!eKP,B 
Period (without Complement Array) 
Output +/- 
Input +/- 
80 
40 
50 
40 
ns 


!eKPzB 
Period (with Complement Array) 
Output +/- 
Input +/- 
120 
60 
BO 
50 
ns 


tpRH 
Preset pulse 
PR + 
PR- 
25 
15 
25 
15 
ns 


Setup time' 


tlS,A 
Input 
Input± 
CK+ 
60 
40 
ns 


t,s,B 
Input 
Input± 
CK+ 
50 
30 
ns 


tlS'C 
Input 
Input± 
CK+ 
42 
N/A 
ns 


t,szA 
Input (through Complement Array) 
Input± 
CK + 
90 
70 
ns 


tlSzB 
Input (through Complement Array) 
Input 
CK + 
80 
60 
ns 


t,szC 
Input (through Complement Array) 
Input 
CK+ 
72 
N/A 
ns 


tvs 
Power-on preset 
Vcc + 
CK- 
0 
-10 
0 
-10 
ns 


tPRS 
Preset 
PR- 
CK- 
0 
-10 
0 
-10 
ns 


Hold time 


t'H 
Input 
CK + 
Input± 
5 
-10 
5 
-10 
ns 


Propagation 
delay 


!eKO 
Clock 
CK + 
Output± 
15 
30 
15 
20 
ns 
toE 
Output enable 
OE- 
Output- 
20 
30 
20 
30 
ns 
too 
Output disable 
OE+ 
Output + 
20 
30 
20 
30 
ns 


tpR 
Preset 
PR+ 
Output + 
18 
30 
18 
30 
ns 
tpPR 
Power-on 
preset 
Vcc+ 
Output + 
0 
10 
0 
10 
ns 


Frequency 
of operation' 


f"AXC 
Without Complement Array 
13.9 
20.0 
MHz 


'''AXC 
With Complement Array 
9.8 
12.5 
MHz 
NOTES: 


1. All typical values are at Vcc = 5V, TA = +25°C. 
2. To prevent spurious clocking, clock rise time (10% - 90%) $3Ons. 
3. 
See "Speed vs. OR Loading" diagrams. 


+Sv 
vcc 


-~ 


<>--r 
10 
Fa 
I 
I 
I 
OUT 


I 


F7 
CL 
o--L 


115 


0--- 
CK 
PRJO£ 
GND 
(INCLUDES 
SCOPE 
AND JIG 
CAPACITANCE) 
-= 
MEASUREMENTS, 
AMcircuit 
delays 
are measured 
at the + 1.5V level of 
ll'l>Uts and outputs. 
unless 
otherwise 
specified. 


Input Pulses 


+3V 


ov 


+3V 


1.5V 


OV 


VOH 


VOL 


+3V 


OV 


'0"5 
~_'_5_V 
_ 


SYMBOL 
PARAMETER 


teKH 
Width of input dock pulse. 


teKL 
Interval between clock pulses. 


teKP' 
Clock period - 
when not 
using Complement array. 


Required delay between 
t,s, 
beginning of valid input and 
positive transition of dock. 


teKP2 
Clock period - 
when using 
Complement array. 


Required delay between 
beginning of valid input and 
positive transition of Clock, 


t'S2 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Vcc 


tvs 
(after power-<ln) and negative 
transition of Clock preceding 
first reliable clock pulse. 


Required delay between 
negative transition of 


tpRS 
Asynchronous Preset and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


Required delay between 
t'H 
positive transition of Clock 
and end of valid input data. 


Delay between positive 


teKO 
transition of clock and when 
outputs become valid (with 
PRIOELow). 


Delay between beginning of 
tOE 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 


toD 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input 10 
transition to Diagnostic mode 


tSRE 
and when the outputs reflect 
the contents of the State 
Register. 


Delay between input 10 
transition to Logic mode and 
tSRD 
when the outputs reflect the 
contents of the Output 
Register. 


Delay between positive 
tpR 
transition of Preset and when 
outputs become valid at "I". 


Delay between Vcc (after 
tpPR 
power-on) and when outputs 
become preset at "I". 


tPRH 
Width of preset input pulse. 


fMAX 
Maximum clock frequency. 


-v------------------------ 
+3V 


11-15...A 
1.5V 
________________________ 
OV 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/f"'AX) = lev = tIS + !eKO 


This frequency depends on the number of 
transition tenms Tn used. Having all 48 terms 
connected in the AND array does not appre- 
ciably impact performance; but the number 
of terms connected to each OR line affects 
tIS, due to capacitive loading. The effect of 
this loading can be seen in Figure 1, showing 
the variation of tiS' with the number of terms 
connected per OR. 


The PLS105 AC electrical 
characteristics 
contain three limits for the parameters tiS' 
and tlS2(refer to Figure 1). The first, tlSIA is 
guaranteed for a device with 48 terms con- 
nected to any OR line. tIS'S is guaranteed for 
a device with 32 terms connected to any OR 
line. And tls,e is guranteed for a device with 
24 tenms conntected to any OR line. 


The three other entries in the AC table, tlS2A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-<:hip Comple- 
mentArray. 


The PLS105A AC electrical characteristics 
contain two limits for the parameters tiS' and 
tlS2(refer to Figure 2). The first, tlS'A is guar- 
anteed for a device with 24 terms connected 
to any OR line. tiS'S is guaranteed for a de- 
vice with 16terms connected to any OR line. 


o 


o 
8 
'6 
24 
32 


TEAMS 
CONNECTEOIOR 


The two other entries in the AC table, tlS2A 
and B are corresponding 
24 and 16 term 


limits when using the on-chip Complement 
Array. 


The worst case of tiS for a given application 
can be determined by identifying the OR line 
with the maximum numberofT nconnections. 
This can be done by referring to the intercon- 
nectpattern in the PLS logic diagram, typical- 
ly illustrated in Figure 3, or by counting the 
maximum number of "H" or"L· entries in one 
of the columns of the device Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case tiSand, by impli- 
cation, the maximum clocking frequency for 
reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnectedfrom 
the OR array. 
,.Im} 


TEAMS/OR 
(21 
·OR- 
ARIV.Y 
''J 


"~oT' 


U~D 


Figure 3, Typical OR Array 
Interconnect 
Pattern 


LOGIC PROGRAMMING 
PLS105/A 
logic designs 
can be generated 


using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLS105/A logic designs can also be generated 
using the program table entry format detailed 
on the following 
pages. This program table 


entry format 
is supported 
by the Signetics 


AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 


users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, 0, P,etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. 


~ 


RJllE 


E=1 


(ALWAYS 
-= 
ENABLED) 
~ 


.oE 


P:D 
(PRESET 
E 


DISABLED) 
-= 


PROGRAMMING: 
The PLS1OSIAhas a power-vp preset feature. This feature insures that the device will power-vp 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


I'P~~ 
LP~~ 
I'P~~ 
I'P~~ 


9Tn 
9Tn 
9Tn 
?n 


I 
INA:~~'.2 
I~ 
I 
S~~;E 
~ 
I 
S;'A;E 
I~ 
I 
DO:~:::RE 
~ 


Tn 
"'two two "'two 
"'tgG0 


n,f 


n;l 
R 
n;l 
R 
n;l 
n;l 
R 


I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~DE 
I 
I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~E 
I 
INAcnvE1,3 
SET 
RESET 
NO CHANGE 
G1: G1: G1: G1: 


Tn 
Tn 
Tn 
Tn 


I 


ACTION 


GENERATE 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if both the true and complement of any input (lor P) are left intact. 
3. 
To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see 
flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 


CUSTOMER 
NAME 
________ 
A_Np_______ 
+______ 
J>.!l _______ 


PURCHASE 
ORDER 
/I 
INACTIVE 
• 
I 
iNACTIVE 
I • 
I 


SIGNETICS 
DEVICE 
/I 
CF (xxxxl 
Gl!NERATE 
A 
Cn 
I 
SET 
I 
H 


I 
I 
Ha, F, 


PROPAGAT~ 
• 
RESET 
I 
L 
CUSTOMER 
SYMBOLIZED 
PART /I 
TRANSPARENT 
! - 
I 
NO CHANGE ! - 
I 
TOTAL 
NUMBER 
OF PARTS 


PROGRAM 
TABLE 
tNACTIVE 
I • 
~-----OpnOH------ 


I,P 
I 
H 
I"" 
,. 
r----------------- 


REV 
ftP 
I 
L 
I I PAESET i H I 
PIE 


DATE 
, 
OE 
'L 
DON'TeARE 
I 
I 


AHD 
OPTtON 
(PIE) 


DA 


T 
INPUT(lfI'I) 
PRESENT 
STATEt's) 
REMARKS 
NEXT STATE (Na) 
OUTPUT(Fr) 
E 
- - - ~f: 
,- 


A 
Cn , 
I , 


aTi .• ;;-.., 
•• 
• • 
3 
0 •• 
2 , • • • 
3 
2 
1 • 
• • 
3 
2 , • 
1 
6 
S • 
3 
2 , • 
· 
• 
• 
• 
• 
• 
• 


8 
7 


8 


11 
· 
12 
• 
• 
• 
13 
• 
• 
14 
• 
· 
• 
1 
• 
1. 
· 
· 
17 


21 
2 
2 
• 
4 
• 
• 
• 
25 
• 
• 
• 
27 
· 
· 
· 
• 


9 


I 


· 
· 
• 
6 
• 
• 
• 
37 
· 
• 
• 
· 


4 
•• 
41 
· 
43 
...- 
4 


47 
· 
· 


PIN 
2 
2 
2 
2 
2 
2 
2 
2 
, , , , , , 
1 , 
NO. 
• , 
2 
3 • 
S 
6 
1 
2 
3 • 
S • 
1 • • 
• , 
2 
3 
S 
6 
1 
8 
... 
...J 
",'" 
c2 
-c 
~Z 
> 


NOTES: 
1. The FPLS is shIpped 
with all links initially 
Intact. Thus, a background 
01 "0" 
for all Terms. and an "H" 
for the PIE option. 
exits in the table, 
shown 
BLANK 
Instead 
for clarity. 


2. Unsed 
GIl• 1m• and 
Ps bits 
are 
normally 
programmed 
Don't 
Care 
(-). 


3. Unused 
Transition 
Terms 
can 
be 
left 
blank 
lor 
future 
code 
modification, 
or programmed 
as (-) 
for 
maximum 
speed. 


4. letters 
In variable 
fields 
are used 
as idenlJliers 
by logic 
type 
programmers. 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 


The array consists of test transition terms 48 
and 49, factory programmed as shown below. 


Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 


10-15 as 
shown 
in the 
test 
circuit 
timing 
dia- 


gram. 


Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 


T 
E 
A 
C 
, , , 
1 


•• 
• • 
3 
2 
4. 
H 
H 
H 
H 
H 
H 


•• 
• 


L 
L 
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Programmable 
Logic Devices 


DESCRIPTION 
The 
PLUS105-40 
is a bipolar 
program- 


mable 
state 
machine 
of the 
Mealy 
type. 
Both the AND and the OR array are user- 
programmable. 
All 48 AND gates are con- 


nected to the 16 external 
dedicated 
inputs 


(10-1,5) 
and to the feedback 
paths of the 6 


buried 
State 
Registers 
(GpO-Gp5). 
Be- 
cause the OR array is programmable, 
any 
one or all of the 48 transition 
terms can be 
connected 
to any or all of the State 
and 
Output 
Registers. 


All state transition 
terms can include True, 
False and Don't Care states of the control- 
ling state variables. 
A Complement 
Tran- 
sition 
Array 
supports 
complex 
IF THEN 


ELSE state transitions 
with a single 
prod- 
uctterm. 


All buried 
State 
and Output 
registers 
are 
edge-triggered 
S-R flip-flops. 
Asynchro- 


nous PreseVOutput 
Enable 
functions 
are 
available. 


To facilitate 
testing 
of state 
machine 
de- 
signs, diagnostic 
mode features 
for regis- 
ter 
preset 
and 
buried 
state 
register 
observability 
have been incorporated 
into 
the PLUS1 05-40 
device 
architecture. 


Ordering 
codes 
are listed in the Ordering 
Information 
Table. 


PLUS105-40 
Field-Programmable 
Logic 
Sequencer 
(16 x 48 x 8) 


FEATURES 


• Functionally 
equivalent 
to, but 
faster 
than 
TI1 05SC 
and 
AmPLS105-37 


• 300 and 600mil-wide 
Plastic 
DIP 
packages 


• SOMHz clock 
rate 


- 
40MHz 
operating 
frequency 


• Field-Programmable 
(TiW 
link) 


• 16 input 
variables 


• 8 output 
functions 


• 48 transition 
terms 


• 6-bit 
State 
Register 


• 8-bit 
Output 
Register 


• Transition 
complement 
array 


• Positive 
edge-triggered 
clocked 
flip-flops 


• Security 
fuse 


• Programmable 
Asynchronous 
Preset 
or Output 
Enable 


• Power-on 
preset 
to all "1" 
of 
internal 
registers 


• Power 
dissipation: 
800mW 
(typ.) 


• TIL 
compatible 


• Single 
+SV supply 


• 3-State 
outputs 


APPLICATIONS 


• Interface 
protocols 


• Sequence 
detectors 


• Peripheral 
controllers 


• Timing 
generators 


• Sequential 
circuits 


• Elevator 
controllers 


• Security 
locking 
systems 


• Counters 


• Shift 
registers 


PhilipsComponents 


PHILIPS 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 
POLARITY 


1 
CK 
Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this line 
Active- 
is necessary to update the contents of both registers. 
High (H) 


2-9,26,27 
10- 19, 
Logic Inputs: The 13 external inputs to the AND array used to program jump conditions be- 
Active-High/ 


20-22 
1,3 - I,s 
tween machine states, as determined by a given logic sequence. True and complement signals 
Low (H/L) 
are generated via use of "H" and "L". 


23 
1,2 
Logic/Diagnostic 
Input: A 14th external logic input to the AND array, as above, when exercis- 
Active-High/ 


ing standard TTL levels. When 1,2 is held at +10V, device outputs Fo - Fs reflect the contents of 
Low (H/L) 
State Register bits Po- Ps. The contents of each Output Register remains unaltered. 


24 
I" 
Logic/Diagnostic 
Inputs: A 15th external logic input to the AND array, as above, when exercis- 
Active-High/ 


ing standard TTL levels. When I" is held at +10V,device outputs Fo - Fs become direct inputs 
Low (H/L) 


for State Register bits Po- Ps; a Low-to-High transition on the appropriate clock line loads the 
values on pins Fo - Fs into the State Register bits Po- Ps. The contents of each Output Register 
remains unaltered. 


25 
1'0 
LogiclDiagnostic 
Input: A 16th external logic input to the AND array, as above, when exercis- 
Active-High/ 


ing standard TIL levels. When 110 is held at +10V, device outputs Fo - F7 become direct inputs 
Low (H/L) 


for Output Register bits 00 - 07: a Low-to-High transition on the appropriate clock line loads the 
values on pins Fo- F7 into the Output Register bits 00 - 0,. The contents of each State Register 
remains unaltered. 


10-13 
Fo - F7 
Logic Outputs/Diagnostic 
Outputs/Diagnostic 
Inputs: 
Eight device outputs which normally 
Active- 


15-18 
reflect the contents of Output Register bits 00 - 07, when enabled. When 1'2 is held at +1OV,Fo 
High (H) 
- Fs = (Po - Ps)· When I" is held at +10V, Fo - Fs become inputs to State Register bits Po - Ps. 
When 1'0 is held at +10V, Fo - F7 become inputs to Output Register bits 00 - 07. 


19 
PRIOE 
Preset or Output Enable Input: 
A user programmable 
function: 


• Preset: Provides an asynchronous preset to logic "1" of all State and Output Register bits. 
Active- 


PR overrides Clock, and when held High, clocking is inhibited and Fo - F7 are High. Normal 
High (H) 
clocking resumes with the first full clock pulse following a High-to-Low clock transition, after the 
Preset signal goes low. See timing definitions. 


• Output 
Enable: Provides an output enable function to buffers Fo - F7 from the Output 
Active- 
Registers. 
Low(L) 


TRUTH TABLE 1, 2, 3, 4, 5, 6, 7 


OPTION 


Vcc 
PR 
OE 


H 


L 


L 


L 


L 


L 


L 


I,. 
I" 
112 
CK 
S 
R 
Op 
OF 
F 


X 
X 
X 
H 
H 
OF 


+10V 
X 
X 
i 
X 
X 
Op 
L 
L 


+10V 
X 
X 
i 
X 
X 
Op 
H 
H 


X 
+10V 
X 
i 
X 
X 
L 
OF 
L 


X 
+10V 
X 
i 
X 
X 
H 
OF 
H 


X 
X 
+10V 
X 
X 
X 
Op 
OF 
Op 


X 
X 
X 
X 
X 
X 
Op 
OF 
OF 


X 
X 
X 
X 
X 
Op 
OF 
Hi-Z 


+10V 
X 
X 
i 
X 
X 
Op 
L 
L 


+10V 
X 
X 
i 
X 
X 
Op 
H 
H 


X 
+10V 
X 
i 
X 
X 
L 
OF 
L 


X 
+10V 
X 
i 
X 
X 
H 
OF 
H 


X 
X 
+10V 
X 
X 
X 
Op 
OF 
Op 


X 
X 
X 
X 
X 
X 
Op 
OF 
OF 


X 
X 
X 
i 
L 
L 
Op 
OF 
OF 


X 
X 
X 
i 
L 
H 
L 
L 
L 


X 
X 
X 
i 
H 
L 
H 
H 
H 


X 
X 
X 
i 
H 
H 
IND. 
IND. 
IND. 


X 
X 
X 
X 
X 
X 
H 
H 


NOTES: 
1. Positive Logic: 


SIR (or J/K) 
= T. +T, +T2 + ... T.a 


Tn = (Co, C,) (1o,I" 12, ... ) (PO,P" ...Ps) 


2. Either Preset (Active - High) or OUtput Enable (Active - Low) are available, but not both. The desired function is a user-programmable option. 
3. i denotes transition from Low-to-High level. 
4.• 
= H or L or +10V 


5. X = Don't Care (:5 5.5V) 
6. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-stated and the indicated levels on 
the output pins are forced by the user. 
7. 
IND. = Indeterminent 


VIRGIN 
STATE 


A factory-shipped virgin device contains all fus- 
ible links intact, such that: 
1. PRIOE option is set to PRoNote that even 


if the PR function is not used, all registers 
are preset to "1" by the power-up proce- 
dure. 


2. All transition terms are disabled (0). 


3. All SIR flip-flop inputs are disabled (0). 


4. The device can be clocked via a Test Array 


preprogrammed with a standard test pat- 
tern. NOTE: The Test Array pattern must 
be deleted before incorporating a user 
program. 


• 
-h- 


e 


7 
~~' 
;; 
P 
, 
* 
s= 
7 
, 


"~ 
~;= -a 
,~ 
~ 


-a 


22 -a 
;;;-a 
~ -a 
~. 


'- 


P, 


P, 


P 
P, 


p. 


P, 
P---- 


rfc 


s 
a 
P,· 


PnP'· 


P 
=P, 
S 
a 


N 
.!!....!: 
5 
0 
P3· 


PnP• 


• 
P 
~Ps 


!!.....!: 


s 
a 
18 
· 


P 
, 


~ 


, 
" 
~ 


, 
I 
S a 
" 
• 
P 
,, 
s 
a 
" 
· 


P 
, 
F 
f"ci 
" 
~ 
,, 


s 
a 
" 
!!.....!: 
, 


s 
a 
" 
• 
P 
, 
f"ci 
" 
· 


P 


47 
•••••• 
40 
39 
•••••• 
32 
31 •••••• 
24 
23 
•••••• 
16 
15 ••••••• 
7···.·.0 
, 


NOTES: 
1 All AND gate 
Inputs wIth a blown link lIoal to a logiC "1 
2 
All OR gale Inputs with a blown luse float 10 logIC "0" 


3 
Programmable 
conneclron 


DESCRIPTION 
ORDER CODE 


2B-pin Plastic Dual-In-Line, 6oomil-wide 
PLUS105-40N 


2B-pin Plastic Dual-In-Line, 3OOmil-wide 
PLUS105-40N3 


2B-pin Plastic Leaded Chip Carrier, 450mil-square 
PLUS105-40A 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise ambient to junction 
75°C 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V1N 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


I"" 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°c 


tSTG 
Storage temperature range 
-65 
+150 
°c 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


02 
Q1 ao~ 3RPRESENT 
STATE 


STATEREGISTER 
X' B' C· ..• 


~ 
S"+1 
NEXTSTATE 


SETOo'So:(02' 
o,·~)· 
X·B· Coo. 


RO:0 


RESET 
Q1: S1 = a 
R, :(02' 
0, .~). 
X·B· 
Coo. 


Input vollage2 


V1H 
High 


V1L 
Low 
Vie 
Clamp3 


Output vollage2 


Vce = Max 
Vce = Min 
Vce = Min,IIN = -12mA 


Vce = Min 


100 =-2mA 
IOL=9.6mA 


Vcc = Max 


V1N = Vcc 


VIN= 0.45V 


Vce = Max 


VOUT= 5.5V 


VOUT= 0.45V 


VOUT= OV 


Vce = Max 


Short circuit!, 4 


Vce supply currents 


Input 
Output 


Vcc = 5.0V 
VIN= 2.0V 
VOUT= 2.0V 


CIN 
COUT 


NOTES: 


1. All typical values are at Vce = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Duration of short circuit should not exceed 1 second. 
5. Ice is measured with the PRIDE input grounded, all other inputs at4.5V and the outputs open. 


UNIT 


V 
0.8 
V 
-1.2 
V 


V 
0.45 
V 


<1 
25 
lJA 


-20 
-250 
lJA 


1 
40 
lJA 


-1 
-40 
lJA 


-15 
-70 
lJA 


160 
200 
mA 


pF 
pF 


LIMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
Min 
Typ' 
Max 
UNIT 


Pulse Width 


!eKH 
Clock High 
CK+ 
CK- 
10 
8 
ns 
!eKl 
Clock Low 
CK- 
CK + 
10 
8 
ns 


!eKPl 
Period (without Complement Array) 
Input± 
Output± 
25 
20 
ns 


!eKP2 
Period (with Complement Array) 
Input± 
Output± 
35 
28 
ns 
lpAH 
Preset pulse 
PR + 
PR- 
15 
8 
ns 


Setup TIme 


tlS1 
Input 
Input± 
CK+ 
15 
12 
ns 


tlS2 
Input (through Complement Array) 
Input± 
CK+ 
25 
20 
ns 
tvs 
Power-on preset 
Vcc+ 
CK- 
0 
-10 
ns 
lpAS 
Clock resume (after preset) 
PR- 
CK- 
0 
-5 
ns 


lNVCK 
Clock lockout (before preset) 
CK- 
PR- 
15 
5 
ns 


Hold TIme 


tlH 
Input 
CK+ 
Input ± 
5 
-10 
ns 


Propagation 
Delay' 


!eKO 
Clock 
CK+ 
Output± 
8 
10 
ns 
toE 
Output enable 
OE- 
Output- 
8 
10 
ns 


too 
Output disable2 
OE+ 
Output + 
8 
10 
ns 
lpA 
Preset 
PR + 
Output + 
15 
20 
ns 
lpPA 
Power-on preset 
Vcc+ 
Output + 
0 
10 
ns 


Frequency 
of Operation 


fMAX 
Without Complement Array 
Input± 
Output± 
40.0 
50.0 
MHz 


fMAX 
With Complement Array 
Input± 
Output± 
285 
35.7 
MHz 


fClK 
Clock period 
CK+ 
CK+ 
50.0 
62.5 
MHz 


NOTES: 


1. All typical values are at Vcc = 5V. TA = +25°C. 
2. Cl = 5pF; VT = VOL+0.5V. 
3. Propagation delays measured with all outputs switching. 


.3V 


OV 


.3V 


1.5V 


OV 


VOH 


VOL 


.3V 


OV 


,.SVt- 
_____ J 


tCK 
'vs 


~ 


tCKP 


____________ 
,._SV 
~ 
:V 
~S~'-- 


SYMBOL 
PARAMETER 


teKH 
Width of input clock pulse 


teKL 
Interval between clock pulses. 


teKP2 
Operating period - 
when us- 
ing Complement Array. 


t,s, 
Required delay between begin- 
ning of valid input and positive 
transition of Clock. 


t'S2 
Required delay between begin- 
ning of valid Input and positive 
transition of Clock, when using 
optional Complement Array 
(two passes necessary through 
the AND Array). 


tvs 
Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 


tpRS 
Required delay between nega- 
tive transition of Asynchronous 
Preset and the first positive 
transition of Clock. 


SYMBOL 
PARAMETER 


t'H 
Required delay between posi- 
tive transition of Clock and end 
of valid Input data. 


tCKO 
Delay between positive transi- 
tion of Clock and when Out- 
puts become valid (with PRiOE 
Low) 


tOE 
Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


too 
Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 


tSRE 
Delay between input 1'2transi- 
tion to Diagnostic Mode and 
when the Outputs reflect the 
contents of the State Register. 


tSRD 
Delay between input 1,2transi- 
tion to Logic mode and when 
the Outputs reflect the con- 
tents of the Output Register. 


Y=.~ 


B.GV 


+3V 


OV 


IRJH 


+3V 


Y=.'" 


B.QV 


+3V 


OV 


tRJH 


+3V 


SYMBOL 
PARAMETER 


teKP' 
Operating period - 
without the 


Complement Array. 


tPR 
Delay between positive transi- 
tion of Preset and when Out- 
puts become valid at "1". 


tpPR 
Delay between Vcc (after) 
power-on) and when Outputs 
become preset at "1". 


tpRH 
Width of preset input pulse. 


fMAX 
Min. guaranteed operating fre- 
quency. 


INVCK 
Required 
delay 
between 
the 


negative transition of the clock 
and the negative transition of the 
Asynchronous 
PRESET 
to 


guarantee that the clock edge is 
not detected as a valid negative 
transition. 


i~~::~li-- 
~-a5-- 


+3V 


OV 


.10V 
aov 


+3V 
\ 
OV 


+3V 


OV 


VCC 
<>--r- 
10 
I 
I 
I 
OUT 
I 
F7 
o-l-- .'5 


0-- 
CK 


GND 


-= 


LOGIC PROGRAMMING 
PLUS105-40 logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLUS105-40 logic designs can also be gener- 
ated using the program table entry format de- 
tailed on the following pages. This program 
table entry format is supported by the Signetics 
AMAZE PLD design software (PTE module). 
AMAZE is available free of charge to qualified 


users. 


+SV 


f~'-= 1_ 
Cl 
---:n 
(INCLUDES 


SCOPE 
AND 
JIG 
CAPACITANCE) 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, O. P,etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 
PRESET, etc., are defined below. 


PROGRAMMING 
THE 
PLUS 105·40 
The PLUS105-40 has a power-up preset fea- 
ture. This feature insures that the device will 
power-up in a known state with all register ele- 
ments (state and output register) at a logic High 
(H). When programming the device it is impor- 
tant to realize this is the initial state of the de- 
vice. You mus/provide a next state jump if you 
do not wish to use all Highs (H) as the present 
state. 


2.5M 
2.5na 


MEASUREMENTS: 
All circuit 
delays are measured 
altha 
+1.5V level of 
inputs 
and outputs, 
unless 
otherwise 
specified. 


Input Pulses 


~ 


P 


E=1 


(ALWAYS 
= 
ENABLED) 
~ 


RIOE 


P=O 
(pRESET 
E 
DtSABlED) 


I~ 


"±g[j' "±g[j' "±g[j' 


n,f ±g[j' 
ii;1 
R 
~ 
R 
ii;1 
R 
ii;1 


I 
ACTION 
I 
CODE 
I 
I 


ACTION 
I 
C~DE 
I 
I 


ACTION 
I 
C~E 
I 
I 


ACTlON 
I 
C~DE 
I 
I 
INACTIVE',3 
I 
0 
I 
SET 
RESET 
NO CHANGE 


G1: G1: G1: G1: 


Tn 
Tn 
Tn 
Tn 


I 
ACTION 
I 
CODE 
I 
I 


ACTION 
I 
C:DE 
I 
I 


ACTION 
I 
C~DE I 
I 
ACTION 
~ 
I 
INACTIVE',' 
0 
I 
GENERATE 
PROPAGATE 
TRANSPARENT 
- 


NOTES: 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tn. 
2. Any gate Tn will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see 
flip-flop truth tables). 


4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 


CUSTOMER NAME 
________ 
A_N'p_______ 
+______2~_______ 


INACTIVE 
0 
0 
INACTIVE 
0 
0 
PURCHASE ORDER 1/ 
I 
CF (xxx xl 
GENERATE 
A 
Cn 
0 
SET 
o 
H 
SIGNETICS DEVICE 1/ 
I 
0 
Nt, Fr 
PROPAGATE 
• 
RESET 
I l 


CUSTOMER SYMBOLIZED PART 1/ 
TRANSPARENT 
0 - 
, 
NO CHANGE 
- 
, 


TOTAL NUMBER OF PARTS 
~-----opnON------ 
INACTIVE 
0 
0 


PROGRAM TABLE 
--- 
I,P 
o 
H 
r----------------- 
1m, P. 


REV 
~p 
o l 
I 
I PRESET 0 
H I 
PIE 


DATE 
, 


10E 
l I 
DON'T 
CARE 
I 
I 


OPTION 
(PIE) 
AND 
OR 


T 
INPUT (I",) 
PRESENT STATE IPS) 
REMARKS 
NEXT 
STATE (N.) 
OUTPUT(FI1 


E 
- - - ~F 


;- 
R 
Cn , 
1 
I 
8fi •. '14T, 
~---- 
5 
•• 
s , 
3 
2 
1 
0 .. 
2 
1 
0 
S , 
3 
2 
1 
0 
S , 3 
2 , 
0 
7 • 
'. 
3 


2 
1 
0 
· 
• 
• 
• 
• 
• 
• 
3 
4 
6 
6 
7 
8 
8 
· 
, 
" 
• 
• 


'2 
• 
• 
• 


'3 
• 
• 
, 
• 
, 
• 
• 


'6 
• 
'A 
· 
· 
17,, 
, 


20 
· 


I 


2' 
I 
22 
T 
2 
• 
• 
4 
• 
• 
• 
2§. 
• 
• 
• 
27 
· 
· 
•• 
29 
• 
3, 


· 
• 
36 
• 
• 
• 
, 
I 


37 
• 
•• 
· 
= 
• 
4 
· 


I 
• 
4' 
• 
4 
43 
44 
4 


47 
· 
PIN 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 , 
7 
1 
1 , 
1 
1 , , 
1 
NO. 
0 , 
2 
3 , 
S • 
7 
S • 
• • 
0 , 
2 
3 
S • 
7 • 


UJ 
""w 


I 


"'2 
~« 
~z 
> 
. 


NOTES: 
1 The FPLS is shipped with all links initially intact. Thus, a background of "0" for all Terms. and an "H" for the PIE option, exists in the table, 
shown BLANK instead for clarity. 


2. Unused Cn. 1m.and Ps bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification. or programmed as (-) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 


Document 
No. 


ECN No. 


Date of Issue 
November 
1989 


Status 
Preliminary 
Specification 


Programmable 
Logic Devices 


DESCRIPTION 
The 
PLUS105-55 
is a bipolar 
program- 
mable 
state 
machine 
of the 
Mealy 
type. 
Both the AND and the OR array are user- 
programmable. 
All 48 AND gates are con- 


nected to the 16 external 
dedicated 
inputs 
(10-1'5) and to the feedback 
paths of the 6 
buried 
State 
Registers 
(QpO-Qp5). 
Be- 
cause the OR array is programmable, 
any 
one or all of the 48 transition 
terms can be 
connected 
to any or all of the State 
and 


Ou1put Registers. 


All state transition 
terms can include True, 
False and Don't Care states of the control- 
ling state variables. 
A Complement 
Tran- 


sition 
Array 
supports 
complex 
IF THEN 
ELSE state transitions 
with a single 
prod- 


uctterm. 


All buried 
State 
and Ou1put registers 
are 
edge-triggered 
S-R flip-flops. 
Asynchro- 


nous Preset/Output 
Enable 
functions 
are 
available. 


To facilitate 
testing 
of state 
machine 
de- 
signs, diagnostic 
mode features 
for regis- 
ter 
preset 
and 
buried 
state 
register 
observability 
have been incorporated 
into 
the PLUS1 05-55 
device 
architecture. 


Ordering 
codes 
are listed in the Ordering 


Information 
Table. 


PLUS105-55 
Field-Programmable 
Logic 
Sequencer 
(16 x 48 x 8) 


FEATURES 


• Functionally 
equivalent 
to, but 
faster 
than 
Ti1 05Se 
and 
AmPLS105-37 


• 62.5MHz 
clock 
rate 


- 55MHz 
operating 
frequency 


• Available 
in 300 and 600mil-wide 
Plastic 
DIP packages 


• Field-Programmable 
(TiW 
link) 


• 16 Input 
variables 


• 8 output 
functions 


• 48 transition 
terms 


• 6-bit 
State 
Register 


• 8-bit 
Output 
Register 


• Transition 
complement 
array 


• Positive 
edge-triggered 
clocked 
flip-flops 


• Security 
fuse 


• Programmable 
Asynchronous 
Preset 
or Output 
Enable 


• Power-on 
preset 
to all "1" 
of 


interna 
I reg isters 


• Power 
dissipation: 
SOOmW (typ.) 


• TIL 
compatible 


• Single 
+5V supply 


• 3-State 
outputs 


APPLICATIONS 


• Interface 
protocols 


• Sequence 
detectors 


• Peripheral 
controllers 


• Timing 
generators 


• Sequential 
circuits 


• Elevator 
controllers 


• Security 
Locking 
systems 


• Counters 


• Shift 
registers 


Philips Components 


PHILIPS 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 
POLARITY 


1 
CK 
Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
Active- 
line is necessary to update the contents of both registers. 
High (Hl 


2-9,26,27 
10- Ig, 
Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 
Active-High! 


20-22 
1'3- I,s 
between machine states, as determined by a given logic sequence. True and complement 
Low (Hill 
signals are generated via use of "H" and "L". 


23 
112 
Logic/Diagnostic 
Input: A 14th external logic input to the AND array, as above, when exer- 
Active-High! 


cising standard TIL levels. When 1'2 is held at +10V, device outputs Fo - Fs reflect the con- 
Low (H/Ll 
tents of State Register bits Po - Ps. The contents of each Output Register remains unaltered. 


24 
111 
Logic/Diagnostic 
Inputs: A 15th external logic input to the AND array, as above, when 
Active-High! 


exercising standard TTL levels. When 111is held at +10V, device outputs Fo - Fs become 
Low (H/L) 
direct inputs for State Register bits Po - Ps; a Low-to-High transition on the appropriate clock 
line loads the values on pins Fo - Fs into the State Register bits Po - Ps. The contents of each 
Output Register remains unaltered. 


25 
110 
Logic/Diagnostic 
Input: A 16th external logic input to the AND array, as above, when exer- 
Active-High! 


cising standard TIL levels. When 1,0 is held at +10V, device outputs Fo - F7 become direct 
Low (H/L) 


inputs for Output Register bits 00 - 07; a Low-to-High transition on the appropriate clock line 
loads the values on pins Fo- F7 into the Output Register bits 00 - 07. The contents of each 
State Register remains unaltered. 


10-13 
Fo - F7 
Logic Outputs/Diagnostic 
Outputs/Diagnostic 
Inputs: Eight device outputs which nor- 
Active- 
15-18 
mally reflect the contents of Output Register bits 00 - 07, when enabled. When 1'2 is held at 
High (H) 
+10V, Fo - Fs = (Po - Psl. When 111is held at +lOV, Fo - Fs become inputs to State Register 
bits Po - Ps· When 110is held at +10V, Fo - F7 become inputs to Output Register bits 00 - 07. 


19 
PRIOE 
Preset or OUtput Enable Input: 
A user programmable 
!unctlon: 


• Preset: Provides an asynchronous preset to logic" 1" of all State and Output Register 
Active- 


bits. PR overrides Clock, and when held High, clocking is inhibited and Fo - F7 are High. 
High (H) 


Normal clocking resumes with the first full clock pulse following a High-to-Low clock transi- 
tion, after the Preset signal goes Low. See timing definitions. 


• Output 
Enable: Provides an output enable function to buffers Fo- F7 from the Output 
Active- 


Registers. 
Low (L) 


OPTION 


PR 
O"E 
1'0 
I" 
1,• 
CK 
S 
R 
Op 
OF 
F 


H 
X 
X 
X 
H 
H 
OF 


L 
+10V 
X 
X 
i 
X 
X 
Op 
L 
L 


L 
+10V 
X 
X 
i 
X 
X 
Op 
H 
H 


L 
X 
+10V 
X 
i 
X 
X 
L 
Or 
L 


L 
X 
+10V 
X 
i 
X 
X 
H 
OF 
H 


L 
X 
X 
+10V 
X 
X 
X 
Op 
OF 
Op 


L 
X 
X 
X 
X 
X 
X 
Op 
OF 
OF 


H 
X 
X 
X 
X 
X 
Op 
OF 
Hi-Z 


X 
+10V 
X 
X 
i 
X 
X 
Op 
L 
L 


X 
+10V 
X 
X 
i 
X 
X 
Op 
H 
H 


X 
X 
+10V 
X 
i 
X 
X 
L 
OF 
L 


X 
X 
+10V 
X 
i 
X 
X 
H 
OF 
H 


L 
X 
X 
+10V 
X 
X 
X 
Op 
OF 
Op 


L 
X 
X 
X 
X 
X 
X 
Op 
OF 
Or 


L 
X 
X 
X 
i 
L 
L 
Op 
OF 
OF 


L 
X 
X 
X 
i 
L 
H 
L 
L 
L 


L 
X 
X 
X 
i 
H 
L 
H 
H 
H 


L 
X 
X 
X 
i 
H 
H 
IND. 
IND. 
IND. 


X 
X 
X 
X 
X 
X 
X 
X 
H 
H 
i 


NOTES: 
1. Positive Logic: 


SIR (or J/K) 
= To +T, +T2 + ... T4a 
Tn = (Co, C,) (10, I" 12, ... ) (PO, P" ...Ps) 


2. Either Preset (Active - High) or Output Enable (Active - Low) are available, but not both. The desired function is a user-programmable option. 
3. i denotes transition from Low-to-High level. 
4.' = HorLor+10V 


5. X = Don't Care (:<> 5.5V) 
6. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-stated and the indicated levels on 


the output pins are forced by the user. 
7. 
IND. = Indeterminent 


VIRGIN 
STATE 
A factory-shipped virgin device contains all fus- 
ible links intact, such that: 
1. PAlO"E option is set to PRoNote that even 


if the PR function is not used, all registers 
are preset to "1" by the power-up proce- 
dure. 


2. All transition terms are disabled (0). 


3. All SIR flip-flop inputs are disabled (0). 


4. The device can be clocked via a Test Array 


preprogrammed with a standard test pat- 
tern. NOTE: The Test Array pattern must 
be deleted before incorporating a user 
program. 


~ 
,... 
-~ 
~f-<f. 
r=fE], 
;1-«( 
~Hi 
P 
E 


-Hi 
'Hi 
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'Hi 


~Hl 
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~Hl 
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p. 


P, 
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Po 
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L.! 
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L.! 
,, 
S 
0 
" , 
, 
L.! 
, 
S 
0 
" , 
~ 
,, 
S 
0 
" , 
L.! 
, 


S 
0 
" , 
L.! 
, 


S 
0 
" , 
. P 


47 
••••• 
·60 
39 •••••• 
32 
31· 
••••• 
24 
23 •••••• 
16 
IS ••••••• 
7·· 
•••• 
0 
, 
C 


NOTES: 
1 All AND gale mputs with a blown hnk float 10 a logic' 
1 
2 
All OR gale Inputs 
with a blown fuse float to logiC '0 
3 
Programmable cOf1neCIIQn 


DESCRIPTION 
ORDER CODE 


28-pin Plastic Dual-In-Line, 6oomil-wide 
PLUS105-55N 


28-pin Piastic Dual-in-Line, 300m ii-wide 
PLUS105-55N3 


28-pin Plastic Leaded Chip Carrier, 45Omil-square 
PLUS105-55A 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise ambient to junction 
75°C 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Mln 
Max 


Vcc 
Supply voltage 
+7 
VDC 


V1N 
Input voltage 
+5.5 
VDC 


VauT 
Output voltage 
+5.5 
VDC 


IIN 
Input currents 
-30 
+30 
mA 


'OUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°c 


IsTG 
Storage temperature range 
-65 
+150 
°c 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


Q2 
0' 
QO 


~ 
~R 
PRESENT 
STATE 


STATE REGISTER 
X· g. C· 
••• 


~ 
5,,+, 
NEXT STATE 


SETOo'So=(~' 
0, 
.~) 
·X·g· C ••• 


Ro=O 


RESET 0,: 
S,:;:O 
R, =(02' 
0,· 
00> ·x· g. coo. 


SYMBOL 


Input voltage2 


VIH 
High 


VIL 
Low 
VIC 
Clamp3 


Output 
voltage2 


Vcc = Max 
Vcc = Min 
Vcc = Min, IIN= -12mA 


Vcc = Min 
10H=-2mA 
10L= 9.6mA 


Vcc = Max 


VIN = Vcc 


VIN= 0.45V 


Vcc = Max 


VOUT= 5.5V 


VOUT= 0.45V 


VOUT= OV 


Vcc = Max 


los 
Short circuit3. 4 


Icc 
Vcc supply currentS 


Capacitance 


Input 
Output 


Vcc = 5.0V 
VIN= 2.0V 
VOUT= 2.0V 
CIN 
COUT 
NOTES: 


1. All typical values are at Vcc = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Duration of short circuit should not exceed 1 second. 
5. Icc is measured with the PRIOE input grounded, all other inputs at 4.5V and the outputs open. 


UNIT 


V 
V 
V 


V 
V 


<1 
25 
~ 
-20 
-250 
~ 


40 
~ 


-1 
-40 
~ 


-5 
-70 
~ 


160 
200 
mA 


pF 
pF 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
Mln 
Typ' 
Max 
UNIT 


Pulse Width 


lcKH 
Clock High 
CK+ 
CK- 
8 
ns 
lcKL 
Clock Low 
CK- 
CK+ 
8 
ns 


lcKP' 
Period (without Complement Array) 
Input± 
Output± 
18 
ns 


lcKP2 
Period (with Complement Array) 
Input± 
Output± 
28 
ns 


tPRH 
Preset pulse 
PR + 
PR- 
10 
ns 


Setup Time 


tIS' 
Input 
Input± 
CK+ 
10 
ns 


tlS2 
Input (through Complement Array) 
Input± 
CK+ 
20 
ns 


tvs 
Power-on preset 
Vcc + 
CK- 
0 
ns 


tPRS 
Clock resume (after preset) 
PR- 
CK- 
0 
ns 


tNVCK 
Clock lockout (before preset) 
CK- 
PR- 
12 
ns 


Hold Time 


tlH 
Input 
CK+ 
Input ± 
5 
ns 


Propagation 
Delay 


lcKO 
Clock 
CK + 
Output± 
8 
ns 


toE 
Output enable 
OE- 
Output- 
8 
ns 


toD 
Output disable2 
OE+ 
Output + 
8 
ns 


tPR 
Preset 
PR + 
Output + 
15 
ns 


tPPR 
Power-on preset 
VCC+ 
Output + 
10 
ns 


Frequency 
of Operation 


'MAX 
Without Complement Array 
Input± 
Output± 
55.0 
MHz 


'MAX 
With Complement Array 
Input± 
Output ± 
35.7 
MHz 


'CLK 
Clock period 
CK+ 
CK+ 
62.5 
MHz 


NOTES: 


1. All typical values are at Vcc = 5V, TA = +25°C. 
2. CL = 5pF; VT = VOL+ 0.5V. 
3. Propagation delays measured with all outputs switching. 


.3V 


OV 


.3V 


1.5V 


OV 


VOH 


VOL 


.3V 


OV 


1.5V 
1.5V 


tpRH 


Asynchronous Preset 


.SV 


ov 


VOH 


1.5V 
[Fnl; 1 
(Fn + 1] 


VOL 


.3V 
'.SV-.f 
-----.J!--tcK 


tvs 


~ 


tcKP 


____________ 
,._sv 
~ 
::V 
~s~'---- 


y="W 


B.GV 
.3V 


OV 
tRJH 
.3V 


~s 
tcKH 
(~~~~) 
~~~~ft7&=~I~]:: ~h~~'- 


Diagnostic 
Mode-Output 
Register Input Jam 


SYMBOL 
PARAMETER 


!eKH 
Width of input clock pulse. 


!eKL 
Interval between clock pulses. 


!eKP2 
Operating period - 
when 


using Complement Array. 


tlSt 
Required delay between 
beginning of valid input and 
positive transition of Clock. 


tlS2 
Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional Comple- 
ment Array (two passes nec- 
essary through the AND 
Array). 


tvs 
Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 


!PRS 
Required delay between 
negative transition of Asynch- 
ronous Preset and the first 
positive transition of Clock. 


SYMBOL 
PARAMETER 


tlH 
Required delay between posi- 
tive transition of Clock and 
end of valid Input data. 


!eKO 
Delay between positive transi- 
tion of Clock and when Out- 
~s 
become valid (with PRI 
Low). 


tOE 
Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


too 
Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 


tSRE 
Delay between input It2 tran- 
sition to Diagnostic Mode and 
when the Outputs reflect the 
contents of the State Regis- 
ter. 


tSRD 
Delay between input 1,2tran- 
sition to Logic mode and 
when the Outputs reflect the 
contents of the Output Regis- 
ter. 


y="W 


B.GV 


.3V 


OV 


tRJH 


.3V 


SYMBOL 
PARAMETER 


tCKPl 
Operating period - 
without 


the Complement Array. 


tpR 
Delay between positive transi- 
tion of Preset and when Out- 
puts become valid at "1". 


tpPR 
Delay between Vcc (after) 
power-on) and when Outputs 
become preset at "1". 


tPRH 
Width of preset input pulse. 


fMAX 
Min. guaranteed operating 
frequency. 


tNVCK 
Required delay between 
the 


negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid nega- 
tive transition. 


~~1i~~~~.-- 


Co-os -- 


.3V 


OV 


+10V 
I.OY 
.3V 
\ 
OV 


.3V 


OV 


vcc 


<>-r- 
10 


I 
FO 


I 
I 
OUT 
I 


F7 
o-l.- 


I,S 


0--- 
CK 
PRJOE 
GNo 


-= 


LOGIC PROGRAMMING 
PLUS105-55 logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLUS105-55 logic designs can also be gener- 
ated using the program table entry format de- 
tailed on the following pages. This program 
table entry format is supported by the Signetics 
AMAZE PLD design software (PTE module). 
AMAZE is available free of charge to qualified 
users. 


CL 


(INCLUOES 
SCOPE 
AND JIG 
CAPACITANCE) 


2.5nlI 
2.5nlI 


MEASUREMENTS: 
AI 
circuit 
delays 
are 
measured 
at the +' .5V 
level of 


il'l)uts 
and outputs. 
unless otherwise 
spedied. 


Input Pulses 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, S, 0, P,etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, 
INACTIVE, 


PRESET, etc., are defined below. 


PROGRAMMING 
THE 
PLUS 105-55 
The PLUS 105-55 has a power-up preset fea- 
ture. This feature insures that the device will 
power-up in a known state with all register ele- 
ments (state and output register) ata logic High 
(H). When programming the device it is impor- 
tant to realize this is the initial state of the de- 
vice. You must provide a next state jump if you 
do not wish to use all Highs (H) as the present 
state. 


~ 


RIOE 


P=Q 
(PRESET 
E 
DISABLED) 


~ 


I'P 


I, P 


l,ii 


Tn 
~ 


I'P 
~P 


l.ii 


Tn 
~ 


I'P 
~I'P 
I,P 
I,P 
Lii 
Lii 


~ 
~ 


I 


STATE 


DON'T CARE I~ 


Tn 
"fgD' "fgD' fgD' 
"tg[J' 


n,t 


i\I 
R 
i\I 
R 
i\I 
R 
n;l 


I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~DE 
I 
I 


ACTION 
I 
C:OE I 
I 


ACTION 
I 
C~E I 
INACTlVE',3 
SET 
RESET 
NO CHANGE 


G1: G1: G1: G1: 


Tn 
Tn 
Tn 
Tn 


I 


ACTION 
I 
CC: 
E 
I 
I 


ACTION 
I 
C:DE 
I 
I 
ACTION 
I 
CODE 
I 
I 
ACTION 
I 
CODE l 


lNACnVE1," 
GENERATE 
I 
PROPAGATE 
• 
I 
TRANSPARENT 
I 
- 
J 


NOTES: 


,. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tn. 
2. Any gate Tn will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 
3. To prevent simultaneous Set and Reset flip·flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see 
flip-flop truth tables). 


4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 


CUSTOMER NAME 
________ 
A_N.!l _______ 
+______ 
2.!'_______ 


INACTIVE 
~ 
0 
I 
INACTIVE 
o 
0 
PURCHASE ORDER' 
I 
SIGNETICS DEVICE' 
CF (XXXX) 
Q!:NERATE 
A 
Cn 
0 
SET 
I H 
I 
0 
•••. F, 
PROPAGAT( 
• 
RESET 
I L 


CUSTOMER SYMBOLIZED PART' 
TRANSPARENT 
- 


0 
NOCH .••••ae - 
0 


TOTAL NUMBER OF PARTS 
"'ACTIVE 
o 
0 
'-----opnON------ 
PROGRAM TABLE 
I,P 
I H 
r----------------- 
Im,P. 


REV 
T,p 
I L 
I 
I PRESET! 
HI 
PIE 


DATE 


0 
or 
, L 
OOH'TCAAE 
I 
0 


0 


AND 
OPTlOHIPfE) 


OR 


T 
INPUTllllft) 
PRESENT 
STATE (Ps. 
REMARKS 
NEXT 
STATE (Na) 
OUTPUT(F" 


E 
- - - :1: 
;- 
R 
Cn , , , 
'a, 
----- 
II 
5 , 
3 
2 
, 
0 -. IT, -. .- 
2 
1 
0 
5 , 
3 
2 
I 
0 
5 , 3 
2 , 
0 
7 , • 
,. 
3 
2 , 
0 
• 
• 
• 
• 
• 
• 


II 


II 
" 
• 


12 
• 
• 
• 
13 
• 
• 
4 
· 
• 
• 
I 
• 


17 
III 


21 
· 
2 
2 
•• 
• 
• 
• 
• 
, 
• 
27 
• 


I 


• 
II 
• 
• 
• 
37 
• 
• 
, 
· 
• 
4 
· 
• 
41 
· 
43 
, 


44 
, 


4 


47 
· 
PIN 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 , 
I , , , 
'" 
, 
1 
NO 
0 , 
2 
3 , 
5 • 
7 
5 • , • • 
0 , 
2 
3 
5 "I', • 


W 


i 


---OW 


I 
I 


I 
~:f 
-c 
~z 
I 


> 
, 
I 
I 


NOTES: 
,. The FPLS is shipped with all links initially intact. Thus, a background of "0" tor all Terms, and an "H" tor the PIE option, exists in the table, 
shown BLANK instead for clarity. 


2. Unused Cn, 1m,and Ps bits are normally programmed Don't Care (-j. 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (-j tor maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 


Document 
No. 853-1280 


ECN No. 
97039 


Date of Issue 
July 7, 1989 


Status 
Product 
Specification 


Programmable 
Logic Devices 


DESCRIPTION 
The PLUS405 devices are bipolar, program- 
mable state machines of the Mealy type. Both 
the AND and the OR array are user"rogram- 
mabie. All 64 AND gates are connected to the 
16external dedicated inputs (10-115) and to the 
feedback paths of the 8 on--<:hipState Regis- 
ters (Opo- OP7).Two complement arrays sup- 
port complex IF- THEN-ELSE 
state transitions 


with a single product term (input variables Co, 
C,). 


All state transition 
terms can include True, 


False and Don't Care states of the controlling 
state variables. All AND gates are merged into 
the programmable OR array to issue the next- 
state and next--<>utputcommands to their re- 
spective registers. Because the OR array is 
programmable, anyone 
or all of the 64 transi- 
tion terms can be connected to any or all of the 
State and Output Registers. 


All state (OPO-OP7) and output(OFO-OF7) reg- 
isters are edge-triggered, 
clocked J-K flip- 
flops, with Asynchronous 
Preset and Reset 


options. The PLUS405 architecture provides 
the added flexibility of the J-K toggle function 
which is indeterminate on S-R flip-flops. Each 
register may be individually programmed such 
that a specific Preset-Reset 
pallern is initial- 
ized when the initialization pin is raised to a logic 
level "I". This feature allows the state machine 
to be asynchronously initialized to known inter- 
nal state and output conditions prior to proceed- 
ing through a sequence of state transitions. 
Upon power-up, all registers are unconditional- 
ly preset to "1". If desired, the initialization input 
pin (INIT) can be converted to an Output Enable 
(DE) function as an additional user"rogram- 
mabie feature. 


Availability of two user-programmable 
clocks 


allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 


Order 
codes 
are 
listed 
in 
the 
Ordering 


Information Table. 


PLU8405-37/-45 
Field-Programmable 
Logic 


Sequencers 
(16 x 64 x 8) 


• 50 and 58.8MHz minimum 
guaranteed 
clock rates 


• 37 and 45MHz minimum 
guaranteed 
operating 
frequencies 
(1/(t,s, 
+ tCKO') 


• Functional 
superset 
of PlS105/105A 


• Field"rogrammable 
(Ti-W fusible link) 


• 16 input variables 


• 8 output 
functions 


• 64 transition 
terms 


• 8-bit State Register 


• 8-bit Output Register 


• 2 transition 
Complement 
Arrays 


• Multiple clocks' 


• Programmable 
Asynchronous 
Initialization 
or Output Enable 


• Power--<>npreset of all registers 
to "1" 


• "On--ehlp" 
diagnosllc 
test mode 
features for access to state and output 
registers 


• 950mW power dissipation 
(typ.) 


• TIL compatible 


• J-K or S-R flip-flop 
functions 


• Automatic 
"Hold" 
states 


• 3-State outputs 


• Interface protocols 


• Sequence detectors 


• Peripheral 
controllers 


• Timing generators 


• Sequential 
circuits 


• Elevator con toilers 


• Security 
locking 
systems 


• Counters 


PIN CONFIGURATIONS 


N Package 


vcc 
'. 
'. 
"0 
'" 
112 


"3 


114 


',s 


'''TItlE 


Fo 


F, 


F2 


F3 


N _ Plastic 


A Package 


I. 


"0 
'" 
1'2 
113 


"4 


F7 
1'5 


Fs 
I"TItlE 


Fs 
F4 GNO 
F3 
F2 F, FO 


A _ Plastic 
Leaded 
Chip Carrier 


PhilipsComponents 


PHILIPS 


Field-Programmable 
Logic 
Sequencers 
(16 x 64 x 8) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 
POLARITY 


1 
CLK1 
Clock: The Clock input to the State and Output Registers. A Low-to-High 
transition on 
Active-High 
(H) 


this line is necessary to update the contents of both registers. Pin 1 only clocks Po_3 and 
Fo_3 if Pin 4 is also being used as a clock. 


2,3,5-9, 
10- I., 17,16 
Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
Active-High/Low 
26-27 
18-1. 
between machine states, as determined by a given logic sequence. True and complement 
(H/Ll 
2(}'-22 
1,3-1,5 
signals are generated via use of "H" and "L". 


4 
CLK2 
Logic Input/Clock: 
A user programmable function: 


• Logic Input: A 13th external logic input to the AND array, as above. 
Active-High/Low 
(H/l) 


• Clock: A 2nd clock for the State Registers p. _ 7 and Output Registers F. _ 7, as above. 
Active-High 
(H) 


Note that input buffer 15must be deleted from the AND array (i.e., all fuse locations "Don't 
Care") when using Pin 4 as a Clock. 


23 
1,2 
Logic/Diagnostic 
Input: A 14th external logic input to the AND array, as above, when 
Active-High/Low 
exercising standard TIL or CMOS levels. When 1'2 is held at +1OV,device outputs Fo- F7 
(H/L) 


reflect the contents of State Register bits Po- P7. The contents of each Output Register 
remains unaltered. 


24 
I" 
Logic/Diagnostic 
Input: A 15th external logic input to the AND array, 
as above, when 
Active-High/Low 
exercising standard TIL levels. When I" is held at +10V, device outputs Fo- F7 become 
(H/L) 


direct inputs for State Register bits Po- P7; a Low-to-High 
transition on the appropriate 
clock line loads the values on pins Fo - F7 into the State Register bits Po- P7. The 
contents of each Output Register remains unaltered. 


25 
1,0 
Logic/Diagnostic 
Input: A 16th external logic input to the AND array, as above, when 
Active-High/Low 
exercising standard TIL levels. When 1,0 is held at +10V, device outputs Fo- F7 become 
(H/L) 


direct inputs for Output Register bits 00 - 0,; a Low-to-High 
transition on the appropriate 


clock line loads the values on pins Fo - F7 into the Output Register bits 00 - 07. The 
contents of each State Register remains unaltered. 


1(}'-13 
Fo - F7 
Logic Outputs/Diagnostic 
Outputs/Diagnostic 
Inputs: Eight device outputs which 
Active-High 
(H) 


15-18 
normally reflect the contents of Output Register Bits 00 - 07, when enabled. When 1,2 is 
held at +1OV,Fo- F7 = (Po - P7). When I" is held at +1OV,Fo- F7 become inputs to State 
Register bits Po- P7. When 1'0 is held at +10V, Fo - F7 become inputs to Output Register 
bits Oo-D,. 


19 
INITIOE 
Initialization 
or Output Enable Input: A user programmable function: 


• Initialization: 
Provides an asynchronous preset to logic "1" or reset to logic "0" of all 
Active-High 
(H) 


State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and Fo - F7 
and Po- P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low 
dock transition, after INIT goes Low. See timing definition 
for !NVCKand tVCK. 


• Output Enable: Provides an output enable function to buffers Fo - F7 from the Output 
Active-Low 
(L) 


Registers. 


Field-Programmable 
Logic 
Sequencers 
(16 x 64 x 8) 


TRUTH TABLE 
1, 2, 3, 4, 5, 6, 7 


OPTION 


Vcc 
INIT 
OE 


H 


L 


L 


L 


L 
L 
L 


H 


+SV 
X 


X 


X 


X 
L 
L 


L 


L 


L 


L 


X 


1'0 
I" 
1'2 
CK 
J 
K 
Op 
OF 
F 


X 
X 
X 
H/L 
H/L 
OF 


+10V 
X 
X 
i 
x 
X 
Op 
L 
L 


+10V 
X 
X 
i 
x 
X 
Op 
H 
H 


X 
+10V 
X 
i 
x 
X 
L 
OF 
L 


X 
+10V 
X 
i 
x 
X 
H 
OF 
H 


X 
X 
+10V 
X 
X 
X 
Op 
OF 
Op 


X 
X 
X 
X 
X 
X 
Op 
OF 
OF 


X 
X 
X 
X 
X 
Op 
OF 
Hi-Z 


+10V 
X 
X 
i 
x 
X 
Op 
L 
L 


+10V 
X 
X 
i 
x 
X 
Op 
H 
H 


X 
+10V 
X 
i 
x 
X 
L 
OF 
L 


X 
+10V 
X 
i 
x 
X 
H 
OF 
H 
X 
X 
+10V 
X 
X 
X 
Op 
OF 
Op 


X 
X 
X 
X 
X 
X 
Op 
OF 
OF 


X 
X 
x 
i 
L 
L 
Op 
OF 
OF 


X 
X 
x 
i 
L 
H 
L 
L 
L 


X 
X 
x 
i 
H 
L 
H 
H 
H 


X 
X 
x 
i 
H 
H 
op 
OF 
OF 


x 
x 
x 
x 
x 
X 
H 
H 


NOTES: 
1. Positive Logic: 


S/R(orJ/K)=To+ 
T, + T2+ ... 
T63 
Tn = (Co, C,)(lo, I" 12,... 
) (PO, P" ... 
P7) 


2. 
Either Initialization (Active-High) 
or Output EmiliIe (Active-Low) 
are available, but not both. The desired function is a user-programmable 
option. 


3. i denotes transition from Low-te>-High level. 
4. 
"=HorLor+l0V 


5. X = Don't Care ("S.SV) 
6. 
H/L implies that either a High or a Low can occur, depending upon user-programmed 
selection (each State and Output Register individually 
programmable). 
7. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


VIRGIN 
STATE 


A factory-shipped 
virgin device contains all 


fusible links intact, such that: 
1. INITIOE is set to INIT. In order to use the 


INIT function, the user must select either 
the PRESET or the RESET option for each 
flip-flop. Note that regardless of the user- 
programmed 
initialization, 
or even if the 


INIT function is not used, all registers are 
preset to "1" by the power-up procedure. 


2. All transition terms are inactive (0). 


3. 
All SIR (or J/K) flip-flop inputs are disabled 
(0). 


4. 
The device 
can be clocked 
via a Test 


Array preprogrammed with a standard test 
pattern. 


5. 
Clock 2 is inactive. 
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Field-Programmable 
Logic 
Sequencers (16 x 64 x 8) 
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Field-Programmable 
Logic 
Sequencers 
(16 x 64 x 8) 


DESCRIPTION 
OPERATING 
ORDER CODE 
FREQUENCY 


26-Pin Plastic DIP (600mil-wide) 
45MHz (tlSl + !eKe,) 
PlUS405-45N 


26-Pin Plastic DIP (600mil-wide) 
37MHz (t1S1+ !eKe,) 
PlUS405-37N 


26-Pin Plastic leaded Chip Carrier 
45MHz (tiS1 + !eKe,) 
PlUS405-45A 


26-Pin Plastic leaded Chip Carrier 
37MHz (tiS1+ !eKe,) 
PlUS405-37A 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


VIN 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
--30 to +30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
o to +75 
°c 


TSTG 
Storage temperature range 
~5to 
+150 
°c 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


The PlUS405 
devices are also processed for 
operation over the military temperature range. 
For Specifications 
and ordering information, 
consult the Signetics Military Data Manual. 


Field-Programmable 
Logic 
Sequencers 
(16 x 64 x 8) 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ' 
Max 
UNIT 


Input voltage2 


VIH 
High 
Vce= 
MAX 
2.0 
V 


V[. 
Low 
Vce = MIN 
0.8 
V 


Vc 
Glamp3 
Vce ~ MIN, tiN= -12mA 
-0.8 
-1.2 
V 


Output voltage2 


VOH 
High 
Vce = MIN, IOH= -2mA 
2.4 
V 


VOL 
Low 
Vce = MIN, IOL= 9.6mA 
0.35 
0.45 
V 


Input current 


IIH 
High 
Vee = MAX, VIN= Vec 
<1 
25 
IlA 


IlL 
Low 
Vcc ~ MAX, VIN= 0.45V 
-20 
-250 
IlA 


Output current 


IO(OFFI 
Hi-Z state 
Vce = MAX, VOUT= 5.5V 
1 
40 
IlA 


Vec = MAX, VOUT= 0.45V 
-1 
-40 
IlA 


los 
Short circuit 3. 4 
VOUT= OV 
-15 
-70 
mA 


Ice 
Vce supply currentS 
Vcc= 
MAX 
190 
225 
mA 


Capacitance 


GIN 
Input 
Vce = 5.0V, VIN= 2.0V 
8 
pF 


GOUT 
I 
Output 
Vce = 5.0V, VOUT= 2.0V 
10 
pF 


NOTES: 


,. 
All typical values are at Vce = 5V. TA = +25°G. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. 
Duration of short-<:ircuit should not exceed one second. 


5. 
Ice is measured with the INITIO!: input grounded, all other inputs at 4.5V and the outputs open. 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
PLUS405--37 
PLUS405-45 
UNIT 


Min 
Typ' 
Max 
Min 
I 
Typ' 
I Max 


Pulse width 


!eKHl 
Clock High; CLK1 (Pin 1) 
CK+ 
CK- 
10 
8 
8.5 
7 
ns 


!eKl1 
Clock Low; CLK1 (Pin 1) 
CK- 
CK+ 
10 
8 
8.5 
7 
ns 


!eKP' 
CLK1 Period 
Input +/- 
Output +/- 
27 
22 
22 
18 
ns 
(without Complement Array) 


!eKH2 
Clock High; ClK2 (Pin 4) 
CK+ 
CK- 
10 
8 
10 
8 
ns 


!eKL2 
Clock Low; CLK2 (pin 4) 
CK- 
CK+ 
10 
8 
10 
8 
ns 


!eKP2 
CLK2 Period 
Input +/- 
Output +/- 
30 
24 
24 
20 
(without Complement Array) 
ns 


!eKP3 
CLK1 Period 
Input +/- 
Output +/- 
37 
30 
32 
26 
(with Complement Array) 
ns 


!eKP' 
CLK2 Period 
Input +/- 
Output +/- 
40 
32 
34 
28 
(with Complement Array) 
ns 


tlNfTH 
Initialization pulse 
INIT- 
INIT+ 
15 
10 
15 
8 
ns 


Setup time2 


tIS' 
Input 
Input± 
CK+ 
15 
12 
12 
10 
ns 


tlS2 
Input 
Input± 
CK+ 
25 
20 
22 
18 
ns 
(through Complement Array) 


tvs 
Power-¢n preset 
Vcc+ 
CK- 
0 
-10 
0 
-10 
ns 


tVCK 
Clock resume 
INIT- 
CK- 
0 
-5 
0 
-5 
(after Initialization) 
ns 


tNVCK 
Clock lockout 
CK- 
INIT- 
15 
5 
15 
5 
(before Initialization) 
ns 


Hold time 


tlH 
Input 
CK+ 
Input± 
0 
-5 
0 
-5 
ns 


Propagation 
delay 


!eKO! 
Clock1 (Pin 1) 
CK1+ 
Output± 
10 
12 
8 
10 
ns 


!eK02 
Clock2 (Pin 4) 
CK2+ 
Output± 
12 
15 
10 
12 
ns 


taE 
Output Enable 
OE- 
Output- 
12 
15 
12 
15 
ns 


taD 
Output DisableZ 
OE+ 
Output + 
12 
15 
12 
15 
ns 


tlNfT 
Initialization 
INIT+ 
Output + 
15 
20 
15 
20 
ns 


tPPR 
Power-¢n 
Preset 
Vcc+ 
Output + 
0 
10 
0 
10 
ns 


Frequency 
of operation 


fMAX1 
ClK1; 
37.0 
45.5 
45.5 
55.6 
MHz 
(without Complement Array) 


fMAX2 
ClK2; 
33.0 
41.7 
41.7 
SO.O 
MHz 
(without Complement Array) 


fMAX3 
CLK1; 
27.0 
33.3 
31.3 
38.5 
MHz 
(with Complement Array) 


'MAX' 


CLK2; 
25.0 
31.3 
29.4 
35.7 
MHz 
(with Complement Array) 


NOTES: 


1. All typical values are at Vcc = 5V, TA = +25oC. 
2. CL = 5pF; VT = VOL+ O.5V 


Field-Programmable 
Logic 
Sequencers 
(15 x 54 x 8) 


.3V 


OV 


.3V 


1.5V 


OV 


Voo 


vOl. 


.3V 


OV 


,.sv-J 
-----..Jf.--tcK 
•.•• 
s 


.5V 


OV 


Voo 
IF,,]. 1 


vOl. 


.3V 


OV 


~ 


tcKP 
.3V 


10-'15 
'_.5V 
I~ 
OV 
's~'--- 


Field-Programmable 
Logic 
Sequencers 
(16 x 64 x 8) 


.3V 


OV 


+10V 


B.GV 
.3V 


OV 


.3V 


OV 


y=.'W 


B.OV 
.3V 


OV 


tRJH 
.3V 


y=.'W 


8.0V 
.3V 


OV 
'RJH 
.3V 


SYMBOL 
PARAMETER 


lcKH', 2 
Width of input clock pulse, 


lcKP1,2 
Oerating period - when not 
using Complement Array, 


tIS' 
Required delay between 
beginning of valid input and 
positive transition of Clock. 


lcK01,2 
Delay between positive 
transition of Clock and when 
Outputs become valid (with 
INITIOE Low). 


tpPR 
Delay between Vcc (after 
power-on) and when Outputs 
become preset at "to. 


tlS2 
Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


tRJH 
Required delay between 
positive transition of Clock 
and end of inputs I" or 110 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 


fMAX1,2. 
Minimum guaranteed 


3,' 
operating frequency. 


SYMBOL 
PARAMETER 


lcKl1,2 
Interval between clock 
pulses. 


lcKP3.• 
Operating period - when 
using Complement Array. 


t'H 
Required delay between 
positive transition of Clock 
and end of valid Input data. 


IoE 
Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


tSRE 
Delay between input 1'2 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 


tRJS 
Required delay between 
inputs I" or 110transition to 
State and Output Register 
Input Jam Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 


tNVCK 
Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynclhronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


SYMBOL 
PARAMETER 


t'NITH 
Width of initialization input 
pulse. 


tvs 
Required delay between Vcc 
(after power-on) and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


100 
Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state. 


tiN IT 
Delay between positive 
transition of Initialization and 
when Outputs become valid. 


tSRD 
Delay between input 1'2 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


tRH 
Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


tVCK 
Required delay between 
negative transition of 
Asynclhronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 


VCC 


<>---r 
10 


I 
Fa 


I 
I 
OUT 


I 
F7 
o--L 


115 


0----- 
CK 
INlTill"E 


GND 


'=" 


CL 


(INCLUDES 
SCOPE 
AND JIG 
CAPAOTAHCE) 


MEASUREMENTS: 
All cifcu~ delays 
are 
measured 
at the 
+ 1.5V 
level 
01 
iffluts 
and outputs, 
unless 
otherwise 
spec~ied. 


Input Pulses 


LOGIC PROGRAMMING 
PLUS405 
Logic designs can be generated 


using Signetics AMAZE design software or 
several other commercially available, JEDEC 
standard 
PLD 
design 
software 
packages. 
Boolean and/or state equation entry format is 
accepted. 


PLUS40510gic designs can also be generated 
using the program table format detailed on the 
following page(s). This Program Table Entry 
format (PTE) is supported by the Signetics 
AMAZE PLD design software. AMAZE is avail- 
able free of charge to qualified users. 


To implement the desired logic functions, each 
logic variable (I, B, P, S, T, etc.) from the logic 
equations 
is 
assigned 
a 
symbol. 
TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are defined 
below. 


~ 


NlTill"E 


INIT 
E = 1 


_ 
(ALWAVS 
- 
ENABLED) 


I 
OPTION 
I 
CODE 
I 
I INITIAUZATlON' 
I 
H 
I 


~ 


NlTIOE 


INIT = 0 


(INITIAUZATION 
E 


DISABLED) 
'=" 


PROGRAMMING THE PLUS405: 
The PLUS405 has a power-up preset feature. This feature insures thatthe device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important iih"alize 
this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


ACTION 


PRESET 
I~ 


ACTION 


RESET 


Field-Programmable 
Logic 
Sequencers 
(16 x 64 x 8) 


"'fgU- "'fgU- "'fgU- "'fgU- 
Il;""F 
K 
Il;""F 
K 
Il;""F 
K 
Il;""F 
K 


I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~DE 
I 
I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~E 
I 


TOGGLES 
SET 
RESET 
NO CHANGE 
Gj: Gj: Gj: Gj: 


Tn 
Tn 
Tn 
Tn 


I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C:DE 
I 
I 
ACTION 
I 
CODE 
I 
I 
ACTION 
I 
CODE 
I 
INAcnve',3 
GENERATE 
I 
PROPAGATE 
I 
• 
I 
I 
TRANSPARENT 
I 
- 
I 


OPTION 


eLK10NLV' 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gale Tn will be unconditionally inhibited if anyone of its lor P link pairs is left intact 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
4. These states are not allowed when using PRESET/RESET option. 
5. 
Input buffer 15 must be deleted from the AND array (i.e., all fuse locations "Don't Care") when using second dock option. 
6. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 


Field-Programmable 
Logic 
Sequencers (16 x 64 x 8) 


AND 
I 
OR 
I 
OPTIONS 
-----------------------~----------~----------- 
INACTIve 
0 
INACTIve 
0 
I 
INACTIVEOR 
I 0 
I IINIT 
I H I 
TOGGLE 
I 
INITIOE 
I, P 
H 
1m, Po 
GENERATE 
A 
en 
I 
SET 
H 
No, Fr 
I 
OE 
Il 
I, P 
l 
PROPAGATE. 
I 
I 
DON'T CARE 
_ 
TRANSPARENT 
_ 
I 
RESET 
I l 
I I ClK, 
ONLY 
I l I CLK1I 


I 
NO CHANGE 
- 
I I ClK, 
AND2 
I H I ClK2 


INiTIAlIZATI 


f:::v 
INPUT (1m) 
PRESENT STATE(Po) 


Cl 
CO 115 114 113112 
111 110 
Ig 
III 
17 16 
15 
14 
13 
12 11 
10 P7 
P6 
P5 
P4 
P3 
P2 Pl 
PO 


x- 
XX 
'It 
~ 
... 


u.. 
a: 
u 
~ 
Cl 
WN 


'*" 
:J 
w 
0 
w 
U 
a:l 
~ 
;; 
~ 


<1: 
w 
>- 
z 
Cl 
(J) 


a: 
(J) 
a: 
w u 
w 
~ 
i= 
~ 
~ 
W 
~ 
l~ I ~ 
2 
2 
2 
2 
2 
2 
2 
3 
4 
5 
6 
7 
8 
• 
(J) 
Z 
(J) 
PIN NO. 


:J 
Cl 
:J 


U 
en 
U 
PIN 
LABELS 


NOTES: 
1. 
The FPLS 
Is shipped 
wilh 
all links initially 
intact. 
Thus, 
a background 
of "0" for d Terms. and an "H" 
for the INIE and H for the clock 
~ion, 
exists 
in the tab4e. shown 
BLANK 
instead 
forclarlly. 


2. 
Unused 
Cn 1m, and Ps bits are normally 
programmed 
Don' 
Care 
(-). 
3. 
Unused 
TransiUon 
Tem-. can be left blank 
lor luture 
code 
modWicatioo, 
Of programmed 
as (-) 
for maximum 
speed. 


-.............. 


Date of Issue 
October 
1989 


Status 
Preliminary 
Specification 


Programmable 
Logic Devices 


DESCRIPTION 
The PLUS405-55 device is a bipolar, program- 
mable state machine of the Mealy type. Both 
the AND and the OR array 
are user-program- 
mabie. All 64 AND gates are connected to the 
16external dedicated inputs (10-1,5) and to the 
feedback paths of the 8 on-<:hip State Regis- 


ters 
(Opo 
- 
OP7). 
Two complement 
arrays 


support complex IF- THEN-ELSE state transi- 
tions with a single product term (input variables 
Co, C'l. 


All state transition 
terms 
can include True, 


False and Don't Care 
states of the controlling 


state variables. All AND gates are merged 
into 


the programmable OR array to issue the next- 
state and next-<lutput commands to their re- 
spective registers. 
Because the OR array 
is 


programmable, anyone 
or all of the 64 transi- 
tion terms can be connected to any or all of the 
State and Output Registers. 


All state (Opo 
- 
0P7) 
and output (OFO - 
0F7) 


registers 
are edge-triggered, 
clocked J-K flip- 


flops, with Asynchronous 
Preset and Reset 


options. The PLUS405 architecture provides 
the added flexibility of the J-K toggle function 
which is indeterminate on S-R flip-flops. Each 
register may be individually programmed 
such 


that a specific Preset-Reset pattern is initial- 
ized when the initialization pin is raised toa logic 
level "1". This feature 
allows the state machine 


to be asynchronously 
initialized to known 


internal state and output conditions prior 
to 


proceeding through a sequence of state transi- 
tions. 
Upon 
power-up, 
all 
registers 
are 
unconditionally preset to "1". If desired, 
the 


initialization input pin (INIT)can beconverted to 
anOutput Enable (OE) function asan additional 


user-programmable 
feature. 


Availability of two user-programmable 
clocks 


allows the user to design two independently 
clocked state machine functions consisting of 


four state and four output bits each. 


Order 
codes 
are 
listed 
in 
the 
Ordering 


Information Table. 


rlela-~rogrammaole 
LOgiC 
Sequencer (16 x 64 x 8) 


• 62.5MHz minimum guaranteed clock 
rate 


• 55MHz minimum guaranteed operating 
frequency 
(1/(~s, 
+ tCKO') 


• Functional superset of PLS105/105A 


• Field-programmable 
(Ti-W fusible link) 


• 16 input variables 


• 8 output functions 


• 64 transition 
terms 


• 8-bit State Register 


• 8-bit Output Register 


• 2 transition 
Complement 
Arrays 


• Multiple clocks 


• Programmable Asynchronous 
Initialization 
or Output Enable 


• Power-on preset of all registers to "1" 


• "On-<:hip" diagnostic 
test mode 
features for access to state and output 
registers 


• 950mW power dissipation 
(typ.) 


• TTL compatible 


• J-K or S-R flip-flop 
functions 


• Automatic "Hold" states 


• 3-5tate outputs 


• Interface protocols 


• Sequence detectors 


• Peripheral controllers 


• Timing generators 


• Sequential circuits 


• Elevator contoilers 


• Security locking systems 


• Counters 


• Shift registers 


PIN CONFIGURATIONS 


N Package 


vcc 


I. 
'. 


110 


111 


"2 


'13 
',. 


"5 


'NiTIOE 


Fa 


F, 


F2 


F3 


N _ Plastic 


A Package 


''a 


111 


112 


1'3 


114 


115 


INiTIOE 


FS 
F4 GND 
F3 
F2 
Fl 
Fo 


A. 
Plastic 
Leaded 
Chip 
Carrier 


PhilipsComponents 


PHILIPS 


Field-Programmable 
logic Sequencer (16 x 64 x 8) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 
POLARITY 


1 
CLK1 
Clock: The Clock input to the State and Output Registers. A Low-ta-High 
transition on 
Active-High 
(H) 


this line is necessary to update the contents of both registers. Pin 1 only clocks Po_ 3 and 
Fo_ 3 if Pin 4 is also being used as a clock. 


2,3,5-9, 
10- I•• 17•16 
Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
Active-High/Low 
26--27 
Ie-19 
between machine states, as determined by a given logic sequence. True and complement 
(H/L) 
20-22 
1'3-1'5 
signals are generated via use of "H" and "L". 


4 
CLK2 
Logic Input/Clock: 
A user programmable function: 


• Logic Input: A 13th external logic input to the AND array, as above. 
Active-High/Low 
(H/L) 


• Clock: A 2nd clock for the State Registers p. _7 and Output Registers F. _ 7, as above. 
Active-High 
(H) 


Note that input buffer 15must be deleted from the AND array (i.e., all fuse locations "Don't 
Care") when using Pin 4 as a Clock. 


23 
1'2 
Logic/Diagnostic 
Input: A 14th external logic input to the AND array, as above, when 
Active-High/Low 


exercising standard TTL or CMOS levels. When 1'2 is held at + 1OV,device outputs Fo - F7 
(H/L) 


reflect the contents of State Register bits Po- P7. The contents of each Output Register 
remains unaltered. 


24 
I" 
Logic/Diagnostic 
Input: A 15th external logic input to the AND array, as above, when 
Active-High/Low 
exercising standard TTL levels. When I" is held at + 1oV, device outputs Fo - F7 become 
(H/L) 


direct inputs for State Register bits Po- P7: a Low-ta-High 
transition on the appropriate 
clock line loads the values on pins Fo - F7 into the State Register bits Po- P7. The 
contents of each Output Register remains unaltered. 


25 
1'0 
Logic/Diagnostic 
Input: A 16th external logic input to the AND array, as above, when 
Active-High/Low 
exercising standard TTL levels. When 110 is held at + 1OV,device outputs Fo - F7 become 
(H/L) 


direct inputs for Output Register bits 00 -~: 
a Low-ta-High 
transition on the appropriate 
clock line loads the values on pins Fo - F7 into the Output Register bits 00 - 07, The 
contents of each State Register remains unaltered. 


10-13 
Fo - F7 
Logic Outputs/Diagnostic 
Outputs/Diagnostic 
Inputs: Eight device outputs which 
Active-High 
(H) 
15-18 
normally reflect the contents of Output Register Bits 00 - 07, when enabled. When 1'2 is 
held at + 1OV,Fo - F7 = (Po - P7). When 111 is held at + 1OV,Fo - F7 become inputs to State 
Register bits Po- P7. When 110 is held at + lOV, Fo - F7 become inputs to Output Register 
bits 00 - 07. 


19 
INITIOE 
Initialization 
or Output Enable Input: A user programmable function: 


• Initialization: 
Provides an asynchronous preset to logic "I" or reset to logic "a" of all 
Active-High 
(H) 


State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and Fo - F7 
and Po- P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-ta-Low 
clock transition, after INIT goes Low. See timing definition 
for lNVCKand tVCK. 


• Output Enable: Provides an output enable function to buffers Fo - F7 from the Output 
Active-Low 
(L) 


Registers. 


Field-Programmable 
Logic Sequencer 
(16 x 64 x 8) 


OPTION 


INIT 
OE 
I'D 
I" 
1'2 
CK 
J 
K 
Op 
OF 
F 


H 
X 
X 
X 
H/L 
H/L 
OF 


L 
+10V 
X 
X 
i 
x 
X 
Op 
L 
L 


L 
+10V 
X 
X 
i 
x 
X 
Op 
H 
H 


L 
X 
+10V 
X 
i 
x 
X 
L 
OF 
L 


L 
X 
+10V 
X 
i 
x 
X 
H 
OF 
H 
L 
X 
X 
+10V 
X 
X 
X 
Op 
OF 
Op 


L 
X 
X 
X 
X 
X 
X 
Op 
OF 
OF 


H 
X 
X 
X 
X 
X 
Op 
OF 
Hi-Z 


X 
+10V 
X 
X 
i 
x 
X 
Op 
L 
L 


X 
+10V 
X 
X 
i 
x 
X 
Op 
H 
H 


X 
X 
+10V 
X 
i 
x 
X 
L 
OF 
L 


X 
X 
+10V 
X 
i 
x 
X 
H 
OF 
H 


L 
X 
X 
+10V 
X 
X 
X 
Op 
OF 
Op 


L 
X 
X 
X 
X 
X 
X 
Op 
OF 
OF 


L 
X 
X 
x 
i 
L 
L 
Op 
OF 
OF 


L 
X 
X 
x 
i 
L 
H 
L 
L 
L 


L 
X 
X 
x 
i 
H 
L 
H 
H 
H 


L 
X 
X 
x 
i 
H 
H 
op 
OF 
OF 
x 
x 
x 
x 
x 
x 
x 
X 
H 
H 


NOTES: 
1. Positive Logic: 


S/R(orJ/K)=TD+ 
T, + T2+ ... 
T63 


Tn = (Co, C,)(lo, I" 
12, ... 
) (PO,P" ... 
P7) 


2. 
Either Initialization (Active-High) 
or Output Ena6Ie (Active-Low) 
are available, but not both. The desired function is a user-programmable 
option. 


3. i denotes transition from Low-ta-High 
level. 


4. 
'= 
H or Lor +10V 


5. 
X = Don't Care (s.5.5V) 


6. 
H/L implies that either a High or a Low can occur, depending upon user-programmed 
selection (each State and Output Register individually 
programmable). 


7. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3--Stated and the indicated levels 
on the output pins are forced by the user. 


VIRGIN 
STATE 


A factory-shipped 
virgin device contains all 


fusible links intact, such that: 
1. INIT/OE is set to INIT. In order to use the 


INIT function, the user must select either 
the PRESET or the RESET option for each 
flip-flop. Note that regardless of the user- 
programmed 
initialization, 
or even if the 
INIT function is not used, all registers are 
preset to '1" by the power-up procedure. 


2. All transition terms are inactive (0). 


3. All SIR (or J/K) flip-flop inputs are disabled 


(0). 


4, The device 
can be clocked 
via a Test 


Array preprogrammed with a standard test 
pattern. 


5. 
Clock 2 is inactive. 
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Field-Programmable 
Logic Sequencer 
(16 x 64 x 8) 


DESCRIPTION 
OPERATING 
ORDER CODE 
FREQUENCY 


28-Pin Plastic DIP (600mil-wide) 
55MHz (t'SI + !eKO') 
PLUS405-55N 


28-Pin Plastic Leaded Chip Carrier 
55MHz (t,sl + !eKO') 
PLUS405-55A 


SYMBOL 
PARAMETER 
RATINGS 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V,N 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


I'N 
Input currents 
--30 to +30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
o to +75 
°c 


TSTG 
Storage temperature range 
--65 to +150 
°c 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 


75°C 
ambient to junction 


The PLUS405 devices are also processed for 
operation over the military temperature range. 
For Specifications 
and ordering information, 
consult the Signetics Military Data Manual. 


Field-Programmable 
Logic Sequencer 
(16 x 64 x 8) 


UMITS 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
Min 
Typ' 
Max 
UNIT 


Input 
voltage' 


VH 
High 
Vce= 
MAX 
2.0 
V 


Vil 
Low 
Vce 
= MIN 
0.8 
V 


Vc 
Glamp3 
Vce 
= MIN, 
IIN = -12mA 
-<l.8 
-1.2 
V 


Output 
voltage2 


VOH 
High 
I 
Vcc 
= MIN, 
10H = -2mA 
2.4 
V 


VOL 
Low 
Vce = MIN, 
10l = 96mA 
0.35 
0.45 
V 


Input 
current 


IIH 
High 
Vcc 
= MAX, 
VIN = Vcc 
<1 
25 
!lA 


III 
Low 
Vcc 
= MAX, 
VIN = 0.45V 
-20 
-250 
!lA 


Output 
current 


1010FFj 
Hi-Z 
state 
Vcc 
= MAX, 
VOUT = 5.5V 
1 
40 
!lA 


Vcc 
= MAX, 
VOUT = 0.45V 
-1 
-40 
!lA 


los 
Short 
circuit 
3, • 
VOUT = OV 
-15 
-70 
mA 


Icc 
Vce 
supply 
currentS 
Vcc 
= MAX 
190 
225 
mA 


Capacitance 


GIN 
Input 
Vce 
= 5.0V, 
VIN = 2.0V 
8 
pF 


GOUT 
I 
Output 
V ce = 5.0V, 
VOUT = 2.0V 
10 
pF 


NOTES: 


,. 
All typical 
values 
are at Vce 
= 5V. TA = +25°C. 


2. 
All voltage 
values 
are with 
respect 
to network 
ground 
terminal. 


3. 
Test one 
at a time. 


4. 
Duration 
of short-<:ircuit 
should 
not exceed 
one second. 


5. 
Ice is measured 
with 
the INITiOE' 
input 
grounded, 
all other 
inputs 
at 4.5V 
and 
the outputs 
open. 


UMITS 


SYMBOL 
PARAMETER 
FROM 
TO 
Min 
Typ' 
Max 
UNIT 


Pulse width 


tCKH' 
Clock High; CLK1 (Pin 1) 
CK+ 
CK- 
7.5 
6 
ns 


tCKl1 
Clock Low; CLK1 (Pin 1) 
CK- 
CK+ 
7.5 
6 
ns 


tCKP' 


CLK1 Period 
Input +/- 
Output +/- 
18 
15.5 
ns 
(without Complement Array) 


teKH2 
Clock High; CLK2 (Pin 4) 
CK+ 
CK- 
7.5 
6 
ns 


teKL2 
Clock Low; CLK2 (Pin 4) 
CK- 
CK+ 
7.5 
6 
ns 


teKP2 
CLK2 Period 
Input +/- 
Output +/- 
18 
15.5 
ns 
(without Complement Array) 


teKP3 
CLK1 Period 
Input +/- 
Output +/- 
26 
21.5 
(with Complement Array) 
ns 


teKP4 
CLK2 Period 
Input +/- 
Output +/- 
26 
21.5 
(with Complement Array) 
ns 


tlNITH 
Initialization pulse 
INIT- 
INIT+ 
12 
8 
ns 


Setup lime2 


tIS' 
Input 
Input± 
CK+ 
10 
9 
ns 


tlS2 
Input 
Input± 
CK+ 
18 
15 
ns 
(through Complement Array) 


tvs 
Power-<ln preset 
Vcc+ 
CK- 
0 
-10 
ns 


tVCK 
Clock resume 
INIT- 
CK- 
0 
-5 
(after Initialization) 
ns 


tNVCK 
Clock lockout 
CK- 
INIT- 
12 
5 
(before Initialization) 
ns 


Hold lime 


tlH 
Input 
CK+ 
Input± 
0 
-5 
ns 


Propagation 
delay 


tCKO' 
Clock 1 (Pin 1) 
CK1+ 
Output± 
6.5 
8 
ns 


tCK02 
Clock2 (Pin 4) 
CK2+ 
Output± 
6.5 
8 
ns 


tOE 
Output Enable 
OE- 
Output- 
6.5 
8 
ns 


too 
Output Disable2 
OE+ 
Output + 
6.5 
8 
ns 


tlNIT 
Initialization 
INIT+ 
Output + 
12 
18 
ns 


tpPR 
Power-<ln Preset 
Vcc + 
Output + 
0 
10 
ns 


Frequency 
of operation 


'MAX' 


CLK1; 
55.6 
64.5 
MHz 
(without Complement Array) 


'MAX2 


CLK2; 
55.6 
64.5 
MHz 
(without Complement Array) 


fMAX3 
CLK1; 
38.5 
46.5 
MHz 
(with Complement Array) 


fMAX4 
CLK2; 
38.5 
46.5 
MHz 
(with Complement Array) 


NOTES: 


1. All typical values are at Vcc = 5V, TA = +25°C. 
2. CL = 5pF; VT = VOL+ 0.5V. 
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Field-Programmable 
Logic Sequencer 
(16 x 64 x 8) 


SYMBOL 
PARAMETER 


IcKH1.2 
Width of input clock pulse. 


IcKP'.2 
Oerating period - when not 
using Complement Array. 


tlS1 
Required delay between 
beginning of valid input and 
positive transition of Clock. 


IcK01.2 
Delay between positive 
transition of Clock and when 
Outputs become valid (with 
INITIO'E Low). 


tpPR 
Delay between Vcc (after 
power-<ln) and when Outputs 
become preset at "1". 


tlS2 
Required delay between 
beginning of valid Input and 
positive transition of Clock. 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


tRJH 
Required delay between 
positive transition of Clock 
and end of inputs I" or 110 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 


fMAX1,2, 
Minimum guaranteed 


3•• 
operating frequency. 


SYMBOL 
PARAMETER 


IcKl1.2 
Interval between clock 
pulses. 


IcKP3.• 
Operating period - when 
using Complement Array. 


tlH 
Required delay between 
positive transition of Clock 
and end of valid Input data. 


toE 
Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


tSRE 
Delay between input 1,2 
transition to Diagnostic Mode 
and when the Outputs reffect 
the contents of the State 
Register. 


tRJS 
Required delay between 
inputs I" or I,Dtransition to 
State and Output Register 
Input Jam Diagnostic Modes, 
respectively. and when the 
output pins become available 
as inputs. 


iNvCK 
Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


SYMBOL 
PARAMETER 


tlNITH 
Width of initialization input 
pulse. 


tvs 
Required delay between Vcc 
(after power-<ln) and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


loa 
Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state. 


tlNIT 
Delay between positive 
transition of Initialization and 
when Outputs become valid. 


tSRD 
Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


tRH 
Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


tVCK 
Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 


Vcc 
o-r 
10 


I 
Fa 


I 
I 
OUT 


I 
F7 
o-L 


1'5 


0-- 
CK 
INTIOE 


GND 


'= 


LOGIC PROGRAMMING 
PLUS405 
Logic designs can be generated 
using Signetics 
AMAZE design software or 


several other commercially available, JEDEC 
standard 
PLD 
design 
software 
packages. 


Boolean and/or state equation entry format is 
accepted. 


PLUS40510gic designs can also be generated 
using the program table format detailed on the 
following page(s). This Program Table Entry 
format (PTE) is supported 
by the Signetics 


AMAZE PLD design software. AMAZE is avail- 
able free of charge to qualified users. 


To implement the desired logic functions, each 
logic variable (I, B, P, S, T, etc.) from the logic 
equations 
is 
assigned 
a 
symbol. 
TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are defined 
below. 


CL 


(INCLUDES 
SCOPE 
AND JIG 
CAPACITANCE) 


MEASUREMENTS: 
All circu~ delays 
are rreasured at the .•.1.5V 
level 
of 
irputs 
and outputs, 
unless 
otherwise 
specified. 


Input Pulses 


~ 


NlTJOE 


INIT 
E=1 


_ 
(ALWAVS 
- 
ENABLED) 


OPTION 
I 
CODE 
I 
I 
INlTlAUZATION' 
I 
H 
I 
k- 


N 


lTJOE 


INIT=O 
E 


(INtTIAUlATlON 
DtSABLED) 
'= 


PROGRAMMING THE PLUS405: 
The PLUS405 has a power-up presetfeature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


ACTION 


PRESET 


Field-Programmable 
Logic Sequencer 
(16 x 64 x 8) 


1l'p 1l'p 1l'p 1l'p 


I, P 
I, P 
I, P 
I, P 
r,p 
r,p 
r,p 
r,p 


Tn 
Tn 
Tn 
Tn 


: 
INA::::'" 
I 
C~DE: 
I 
S~,A;E 
~ 
I 
S;'A;E 
I~ 
I 
OO:~:::RE 
~ 


Tn 
"±go- "±go- "±go- 
"tg[] 
l("F 
K 
l("F 
K 
l("F 
K 
l("F 
K 


I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~DE 
I 
I 


ACTION 
I 
C~E 
I 
I 


ACTION 
I 
C~E 
I 
TOGGlE6 
SET 
RESET 
NO CHANGE 


c;1: c;1: c;1: c;1: 


Tn 
Tn 
Tn 
Tn 


I 


ACTION 
I 
C~E 
I 
I 
ACTION 
I 
CODE 
I 
I 
ACTION 
I 
CODE 
I 
I 
ACTION 
I 
CODE I 


INACnve1,3 
I 
GENERATE 
A 
I 
PROPAGATE 
I 
• 
I 
I 
TRANSPARENT 
I 
- 
I 


OPTION 


CLK' ONLY' 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if anyone of its I or P link pairs is left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
4. These states are not allowed when using PRESET/RESET option. 
5. 
Input buffer 15 must be deleted from the AND array (Le., all fuse locations "Don't Care") when using second dock option. 


6. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 


Field-Programmable 
Logic Sequencer (16 x 64 x 8) 


PLUS405 
PROGRAM 
TABLE 


---------~~-----------~ 


INACTIVE 
0 
INACTIVE 
0 
I 


I,P 
H 
GENERATE 
A 
I 
1m, Po 
Cn 
i, P 
L 
PROPAGATE 
• 
I 


DON'TeARE 
- 
TRANSPARENT 
- 
: 


OR 
I 
OPTIONS 
-------~----------- 


INACTIVE 
OR 
0 
I 
IINIT 
! H 
I 
IOE 


TOGGLE 
I 
O'E 
I L 
INIT 


SET 
H 


RESET 
L 
No, Fr 
I I CLK, 
ONLY 
I L I CLK1I 


NO CHANGE 
- 
: I CLK, 
AND 2 
I H I CLK2 


INlTlALIZATI 


;~~:v 
INPUT 
(1m) 
PRESENT 
STATE (Po) 


C1 CO 115 114 113112 
[11 110 
19 
18 
17 
16 
15 
14 
13 
12 11 
Ml 
P7 
P6 
P5 
PC P3 
P2 Pl 
PO 


x- 
XX 
'Il' 
?5. 
f- 


l!- 
eI: 
() 
ct 
0 
UJN 
'**' 
:J 
UJ 
0 
UJ 
() 
CD 
:::E 
:> 
:::E 
<: 
UJ 
>- 
Z 
0 
C/) 
eI: 
C/) 
eI: 
UJ 
() 
UJ 
:::E 
i= 
:::E 
0 
UJ 
~ 
f- 
Z 
C/) 
C/) 
:J 
eJ 
:J 
() 
(j) 
() 


NOTES: 
1. 
The FPLS 
is shiwed 
w~h all links in~ial1y intact. 
Thus, a background 
of -0- for all Terms. and an "H- for the INIE and H for the clock 
option, 
exists 
in the table, 
shown 
BLANK 
instead 
lor clar~y. 
2. 
Unused 
Cn 1m. and Ps bits are normally 
programmed 
Don' 
Care 
(-). 
3. 
Unused 
Transition 
Terms can be left blank 
lor future 
code 
mod~icalioo. 
or programmed 
as (-) 
lor maximum 
speed. 
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ProgrammableLogic Devices 


FEATURES 


• Programmable Macro Logic device 


• Full connectivity 


• TTL compatible 


• SNAP development system 


- Supports third-party schematic 


entry formats 


- Macro library 


- Versatile netllst format for design 


portability 


- Logic, timing, and fault 


simulation 


• AMAZE development system: 


- Supports third-party 
schematic 


entry formats 


- Boolean equation entry 


- Logic, timing, and fault 


simulation 


• Delay per Internal NAND 


function = 6.5ns (typ) 


• Testable In unprogrammed state 


• security fuse allows protection of 


proprietary designs 


PLHS501 
Programmable 
Macro Logic 
PMLTM 


STRUCTURE 


• NAND gate based architecture 
- 72 fold back NAND terms 


• 104 Input-wide logic terms 


.44 additional logic terms 


• 24 dedicated Inputs (10 -123) 


• 8 bidirectionall/Os 
with individual 
3-State enable: 
- 4 activo-High (B, - B7) 
- 4 actlve-Low (go - g3) 


.16 dedicated outputs: 
- 4 active-High outputs 
00, 0, with common 3-State 
enable 
O2, 03 with common 3-State 
enable 
- 4 active-Low outputs: 
0,,05 with common 3-State 
enable 
06, 07 with common 3-State 
enable 
- 8 Exclusive-OR outputs: 


>Co - X3 with common 3-State 
enable 
X. - X7 with common 3-State 
enable 


DESCRIPTION 
The PLHS501 is a high-density Bipolar 
ProgrammableMacro Logic device. PML 
incorporates a 
programmable NAND 


structure. The NAND architecture is an 
efficient method for implementing any 
logicfunction.The SNAP softwaredevel- 
opment system provides a user friendly 
environment for design 
entry. 
SNAP 
eliminates the 
need for 
a 
detailed 


understandingof the PLHS501 architec- 
ture and makes it transparentto the user. 
PLHS501 is also supported on 
the 
Signetics AMAZE software development 
system. 


The PLHS501is idealfor a wide rangeof 
microprocessorsupportfunctions, includ- 
ingbus interfaceandcontrolapplications. 


Philips Components 


PHILIPS 


ARCHITECTURE 
The core of the PLHS501 is a programmable 
fuse array of 72 NAND gates. The output of 
each gate folds back upon itself and all other 
NAND gates. In this manner, full connectivity of 
all logic functions is achieved in the PLHSS01. 
Any logic function can be created within the 
core of the device without wasting valuable I/O 
pins. Furthermore, a speed advantage is ac- 
quired by implementing multHevellogic 
within 


a fast internal core without incurring any delays 
from the I/O buffers. 


DESIGN 
DEVELOPMENT 
TOOLS 
The SNAP Software Development System pro- 
vides the necessary tools for designing with 
PML. SNAP provides the following: 


• Schematic entry ne~istgeneration from third- 


party schematic design packages such as 


OrCAD/SDT llin. and FutureNet™ 


• Macro 
library 
for 
standard 
PLHSSO1 
functions and user defined functions 


• Boolean equation entry 


• State equation entry 


• Syntax and design entry checking 


• Simulator 
includes 
logic 
simulation, 
fault 


simulation and timing simulation. 


vcc 


I, 


13 


12 


I, 


'10 


83 
B, 


8, 


110 


X7 


X6 


GND 


SNAP operates on an IBM® 
PCIXT, PC/AT, 


Ps/2, or any compatible system with DOS 2.1 
or higher. The minimum system configuration 
for SNAP is 640K bytes of RAM and a hard disk. 


SNAP provides primitive PML function libraries 
for third-party 
schematic 
design 
packages. 


Custom macro function libraries can be defined 
in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and complete- 
ness. Complete simulation can be carried out 
using the different simulation tools available. 


The programming data is generated in JEDEC 
format. Using the Device Programmer Inter- 
face (DPI) module of SNAP, the JEDEC fuse- 
map is sent from the host computer to the 
device programmer. 


FutureNet 
is a trademark 
of FutureNet 
Corporation. 
OrCAOISDT 
is a trademark 
of OrCAn. 
Inc. 


IBM is a registered 
trademark 
of International 
Business 
Machines 
Corporation. 


AMAZE 
The AMAZE PLD Design Software develop- 
ment system 
also 
supports 
the 
PLHSS01. 


AMAZE provides the following capabilities for 
the PLHS501: 


• Schematic 
entry 
ne~ist conversion 
from 
third-party schematic software 


• Boolean equation entry 


• Logic and timing simulation 


• Automatic test vector generation 


AMAZE operates on an IBM PC/XT, PC/AT, 
Ps/2, or any compatible system with DOS 2.0 
or higher. The minimum system configuration 
for AMAZE is 640K bytes of RAM and a hard 
disk. 


AMAZE compiles the design after completion 
for syntax and completeness. 
Programming 
data is generated in JEDEC format. 


DESIGN SECURITY 
The PLHS501 has a programmable 
security 
fuse that controls 
the access 
to the data 
programmed in the device. By using this pro- 
grammable 
feature, 
proprietary 
designs im- 


plemented in the device cannot be copied or 
retrieved. 


2. 
DEDICATED 
INPUTS 


,. 


DEDICATED 
OUTPUTS 
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~ 
X2 


v 
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ORDERING 
INFORMATION 


DESCRIPTION 
ORDER CODE 


PLHS501A 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V1N 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
~O 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°c 


TSTG 
Storage temperature range 
-<>5 
+150 
°c 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


VIRGIN STATE 
A factory shipped virgin device contains all fus- 
ible links open, such that: 
1. 
All product terms are enabled. 


2. 
All bidirectional (8) pins are outputs. 


3. All outputs are enabled. 


4. 
All outputs are active-High 
except 
Eo - "S3(fusible I/O) and O. - 07 which 


are active-Low. 


TEMPERATURE 


Maximum 
junction 
150°C 


Maximum 
ambient 
75°C 


Allowable thermal rise 
ambient to junction 
75°C 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITION 
Mln 
Typ' 
Max 
UNIT 


Input voltage2 


VI. 
Low 
Vce = Min 
0.8 
V 
VOi 
High 
Vce = Max 
2.0 
V 
Vc 
Clamp2.3 
Vce = Min. IIN= -12mA 
--{).8 
-1.2 
V 


Output voltage 


Vce = Min 


VOL 
Low,' 
IOL= 10mA 
0.45 
V 
VOH 
High2.5 
10H=-2mA 
2.4 
V 


Input current 


Vcc = Max 


II. 
Low 
V1N= 0.45V 
-100 
j.1A 


10i 
High 
V1N= 5.5V 
40 
j.1A 


Output current 


Vce = Max 


IO(OFF) 
Hf.-Z state9 
VOUT= 5.5V 
80 
j.1A 


VOUT= 0.45V 
-140 


los 
Short circuit3. 5. 6 
VOUT= OV 
-15 
-70 
mA 


Ice 
Vce supply currents 
Vce = Max 
225 
295 
mA 


Capacitance 


Vce = 5V 


CIN 
Input 
VIN = 2.0V 
8 
pF 


CB 
1/0 
VOUT= 2.0V 
15 
pF 


NOTES: 


1. All typical values are at Vce = 5V. TA = +25°C. 
2. All voltage values are with respect to network ground terminaL 
3. 
Test one at a time. 
4. 
For Pins 15 - 19. 21 - 27 and 37 - 40, VOLis measured with Pins 5 and 41 = 8,75V, Pin 43 = OVand Pins 42 and 44 = 4.5V. 
For Pins 28 - 33 and 35 - 36, VOLis measured under same conditions EXCEPT Pin 44 = OV. 
5. 
VOHis measured with Pins 5 and 41 = 8.75V, Pins 42 and 43 = 4.5V and Pin 44 = Ov. 


6. 
Duration of short circuit should not exceed 1 second. 
7. 
Ice is measured with all dedicated inputs at OV and bidirectional and output pins open. 
8. 
Measured at VT = VOL+ 0.5V. 


9. 
Leakage values are a combination of input and output leakage. 


TEST LOAD CIRCUITS 


vcc 


0-,- 
10 


I 
I 
I 
I 
o-l-- I 
By 


1'0 


<>---r- 
BW 
o-l- 
BZ 


BX 
Ox 
GND 
= 


~.ov~ 


ov -J LtR tFJ 
~O% 


2.5nI 
2.Sna 
~Jt=--£ 


2.5ne 
2.51-. 


MEASUREMENTS, 
All circuit delays 
are measured 
at the 
+ 1.5V level 
01 inputs 
and outputs, 
unless 
otherwise 
specified. 


Input Pulses 
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MACRO CELL SPECIFICATIONS1 
TA ~ ooc to +75°C, 4.75V ~ Vcc ~ 5.25V, CL = 30pF, R2 = 1000f;2, R, = 4700 


(SNAP Resource Summary Designations in Parantheses) 


Input Buffer 


(DIN501 [Non-invertingl. 
NIN501 [Inverting)) 


I~~ 


LIMITS 


SYMBOL 
Min 
Typ 
Max 
UNIT 


~!HL 
0.05 
0.1 
0.15 
nslp-term 


~!LH 
-{).02 
-{).05 
-{).08 
nslp-term 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Mln 
Typ 
Max 
UNIT 
NOTES 
(Output) 
(Input) 


IpHL 
X 
I 
4.5 
5.5 
6.5 
ns 
With 0 p-terms load 
IpLH 
X 
I 
5 
6 
7.5 
ns 


IpHL 
y 
I 
2.5 
3 
3.5 
ns 
With 0 p-terms load 
IpLH 
y 
I 
4 
4 
4.5 
ns 


Input Pins: 1 - 7, 9 - 14, 41 - 45, 48 - 52. 
Bidirectional Pins: 15 -18, 
37 - 40. 


Maximum internal fan-<lul: 16 p-terms on X or Y. 


NAND Output 
Buffer with 3-$tate 
Control 
(TOU501) 


~-D~~ 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Min 
Typ 
Max 
UNIT 
(Output) 
(Input) 


IpHL 
Out 
In 
8.5 
14.0 
17.5 
ns 


IpLH 
Out 
In 
8.5 
14.0 
16 
ns 


toE 
Out 
Tri-Ctrl 
8.5 
15 
18.5 
ns 
toD 
Out 
Tri-Ctrl 
8.5 
12.5 
17.0 
ns 


Output Pins: 24 - 27. 


Internal Foldback 
NAND 
(FBNAND) 


Input 
0 


Output 


LIMITS 


SYMBOL 
Min 
Typ 
Max 
UNIT 


~tpHL 
0.05 
0.1 
0.15 
nSIp-term 


~tpLH 
-{).O 
-{).05 
-{).1 
nslp-term 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Min 
Typ 
Max 
UNIT 
NOTES 
(Output) 
(Input) 


tpHL 
Out 
Any 
4.0 
4.5 
6.8 
ns 
With 0 p-terms load 
tpLH 
5.5 
6.5 
8 
ns 


Maximum internal loading of 16 terms. 


MACRO 
CEll 
SPECIFICATIONS 
(Continued) 
TA = oOc to +75°C. 4.75V ~ vcc ~ 5.25V, cL = 30pF, R2 = 1000Q, R, = 470Q 


(SNAP Resource Summary Designations in Parantheses) 


PARAMETE,R 
LIMITS 


SYMBOL 
To 
From 
Min 
Typ 
Max 
UNIT 
(Output) 
(Input) 


!PHL 
Output 
In 
8.0 
11 
13 
ns 


!PLH 
Output 
In 
8.0 
11 
13 
ns 


toE 
Out 
Tri-Gtrl 
8.5 
15 
18.5 
ns 


toD 
Out 
Tri-Gtrl 
8.5 
12.5 
17.0 
ns 


Bidirectional and Output Pins: 19, 21, 22, 23, 15 - 18. 


NAND Output Buffer 
(OUT501) 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Min 
Typ 
Max 
UNIT 
(Output) 
(Input) 


!PHL 
Out 
In 
8.5 
14 
17.5 
ns 


!PLH 
Out 
In 
8.5 
14 
16.0 
ns 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Min 
Typ 
Max 
UNIT 
(Output) 
(Input) 


!PHL 
Out 
Aor 
B 
8.5 
14 
17.5 
ns 


!PLH 
Out 
AorB 
8.5 
14 
16.0 
ns 


toE 
Out 
Tri-Gtrl 
8.5 
15 
18.5 
ns 


toD 
Out 
Tri-Gtrl 
8.5 
12.5 
17.0 
ns 


PLHS501 
GATE AND SPEED ESTIMATE 
TABLE 


FUNCTION 
INTERNAL NAND 
EOUVALENT 


Gales 


NANDs 
6.5ns 
ANDs 
6.5ns 
NORs 
6.5ns 
ORs 
6.5ns 


Decoders 


3-to--8 
8 


4--10-16 
16 
5--10-32 
32 


Encoders 


8-10-3 
15 
16-10-4 
32 


32-10-5 
41 


Multiplexers 


4-10-1 
5 
11ns 


8--10-1 
9 
11ns 
16-10-1 
17 
11ns 
27-t0-1 
28 
11ns 


Flip~lops 


D-type Flip-Flop 
6 
T-type Flip-Flop 
6 


J-K-type 
Flip-Flop 
10 


Adders 


8-bit 
45 


Barrel Shillers 


8-bit 
72 


Lalches 


D-lalch 
3 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels, factored solution. 


With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 


-CDSETUP 


-MI-lO 
-5, 
-SO 


-A2 
-A' 
-AD 


CLOCK 


ADDRESS. 
DATA, 


CONTROL 
AND 
PARITY 


BUFEN 


DtR 


POS 
BYTE 
2 
DATA 
OUTPUT 


__ 
ow.w_. 
--_.- 


Date of Issue 
November 10, 1989 


Status 
ProductSpecification 


ProgrammableLogic Devices 


FEATURES 


• Programmable Macro Logic 


• Full connectivity 


• Delay per Internal NAND 


function = 6.5ns 


• Clock frequency = 40MHz 


Operating frequency = 33MHz 


• SNAP development system eases 


design 


- Supports third-party schematic 


entry formats 


- Macro library 


- Versatile neUist format for design 


portability 


- Logic, timing, and fault simula- 


tion 


• TTL compatible 


• Security fuse allows protection of 


proprietary designs 


• Testable In unprogrammed state 


t-Jrogrammable Macro LogiC 
PMLTM 


STRUCTURE 


• NAND gate based architecture 
- 64 fold back NAND terms 


• 80 additional logic terms 


• 128 Inputs per logic term 


• 20 dedicated Inputs 


• 4 programmable Input/clock Inputs 


• 8 Independent clocks 
- 4 from Input/clock pins 
- 4 from NAND array 


.8 
bidirectional VOs 


• 16 dedicated outputs 
- 8 active-High outputs 
- 4 outputs with programmable 
polarity 
- 4 3--Stateoutputs with program- 
mable polarity and Independent 
3-State control 


• 16 burled flip-flops 
- 8 Dtype 
- 8 S-Rtype 


DESCRIPTION 
The 
Signetics PML family 
of 
PLDs 


providesthe capability to create fast and 
cost effective solutions for a number of 
microprocessor interface and 
control 


applications. 
PML 
incorporates 
the 


uniquefeature of a programmableNAND 
structureas the basis of its architecture. 


The PLHS502 is a high-density Bipolar 
ProgrammableMacro Logic Device.The 
folded NAND array combined with em- 
bedded I/Oflip-flops allows for both tim- 
ing control, wide decoders, multiplexers, 
and system input and output bus latches 
to be combined onto one device. 


APPLICATIONS 


• VRAM controllers 


• DRAMISRAM controllers 


• Multiple state machines 


• TIming control 


• Error detection/correction 


Philips Components 


PHILIPS 


VCC2 


VCC6 


IB1 


IB2 


183 


IB4 


GND10 


ARCHITECTURE 
The core of the PLHS502 is a programmable 
fuse array of64 NAND gates and 16 buried flip- 
flops. The output of each gate and flip-flop folds 
back upon itself and all other NAND gates and 
flip-flops. In this manner, full connectivity of all 
logic functions is achieved in the PLHS502. 
Any logic function can be created within the 
core of the device without wasting valuable I/O 
pins. Furthermore, a speed advantage is ac- 
quired by implementing multi-ievellogic 
within 


a fast internal core without incurring any delays 
from the I/O buffers. 


Burled Flip-Flops 
The 16buried flip-flops can be connected to the 
input or output structures through the NAND 
array. Intricate state machine designs can be 
implemented 
within 
the 
core 
without 
any 


unnecessary delays from the input or output 
buffers. Each flip-flop can be realized as an 
input or output register with no constraints. 


The Clock Array 
There are a combination of 26 possible inputs 
to the 'Clock Array': 
- 2 are directly from the input pins fed 


through an inverting butler. 


- 4 inputs with programmable polarity directly 
from the input pins. 


- 4 inputs from 4 individual NAND terms. 


- 
16 inputs from the 'Q' outputs of the flip- 
flops. 


The wide selection of clocking options offers 
the user the capacity to create custom and 
independent clock functions for the flip-flops. 
This together with the full connectivity of the 
device, offers the capability to implement a vari- 
ety of synchronous and asynchronous 
state 
machines. 
Another 
possible 
application 
is 
implementing 
multi-phase 
designs 
such as 
pipe-iined processing. 


DESIGN DEVELOPMENT 
TOOLS 
The SNAP Software Development System pro- 
vides the necessary tools for designing with 
PML. SNAP provides the following: 


• Schematic entry netlistgeneration from third- 
party schematic design packages such as 


OrCAD/SDTT ••• and FulureNetT •••. 


• Macro library for standard PLHS502 func- 
tions and user defined functions 


FutureNet 
is a trademark 
of FutureNet 
Corporation. 
OrCADISOT 
is a trademark 
of OrCAn, 
Inc. 


IBM is a registered 
trademark 
of International 
Business 
Machin96 
Corporation. 


• Boolean equalion entry 


• State equation entry 


• Syntax and design entry checking 


• Simulator includes logic simulation, fault sim- 


ulation, and timing simulation. 


SNAP operates on an IBM® 
PC/XT, PC/AT, 


Ps/2, or any compatible system with DOS 2.1 
or higher. A minimum of 640K bytes of RAM is 
required together with a hard disk. 


SNAP provides primitive PML function libraries 
for third party schematic 
design 
packages. 


Custom macro function libraries can be defined 
in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and complete- 
ness. Complete simulation can be carried out 
using the different simulation tools available. 


The programming data is generated in JEDEC 
formal. Using the Device Programmer Inter- 
face (DPI) module of SNAP, the JEDEC fuse- 
map is sent from the host computer to the 
device programmer. 


DESIGN SECURITY 
The PLHSS02 has a programmable 
security 


fuse that controls 
the access 
to the data 


programmed in the device. By using this pro- 
grammable 
feature, 
proprietary 
designs im- 
plemented in the device cannot be copied or 
retrieved. 


20 
DEDICATED 
INPUTS 


[Q 
I 
B 
N 
T 
NAND 
E 
ARRAY 
R 


(x 
50) 
C 
0 
N 
N 
E 
E 
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T 
,. 


DEDICATED 
OUTPUTS 


8 
D FliP-FLOPS 


C 
WITH 
INDEPENDENT 
CLOCKS 


8 
S-R 
FLlP- 
o 
FLOPS 
WITH 


INDEPENDENT 
CLOCKS 


8 
BIDIRECTIONAL 
IIOS 
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.8JlXSJl.8 Jl·8 Jl.8 Jl Xl Jl Xl Jl Xl Jl Xl J 
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a 


oo 


(8) 


8, 
~R 


8, 
'""SO 


:: 
~: 
if- 
~ 
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R 
0-, 
'---rcLR I 


I 
;: 
-~ 


t~::.:}.~J 


+SV 


~ 


NCLUOESSCOPE 
AND JIG 
R, 
CAPACITANCE 


R2= ICL 


2.5na 
2.5M 


MEASUREMENTS: 
AN circuit 
delays 
ate measured 
at the + 1.5V 
level of 
Irputs 
and outputs. 
unlesa 
othefwise 
spedfied. 


Input Pulses 


TEST CONDITION 
UNIT 


Vcc = Min 
V 
Vcc = Max 
V 
Vcc = Min, IIN = -12mA 
V 


Vcc = Min 
IOL= 10mA 
V 


IOH=-2mA 
V 


Vcc = Max 


VIN = 0.45V 
-100 
J.lA 


VIN = 5.5V 
40 
J.lA 


Vcc = Max 


VOUT= 5.5V 
80 
J.lA 


VOUT= 0.45V 
-140 


VOUT= OV 
-15 
-70 
mA 


Vcc = Max 
400 
mA 


Vcc = 5V 
VIN = 2.0V 
pF 


VOUT= 2.0V 
pF 


ORDERING 
INFORMATION 


DESCRIPTION 
ORDER CODE 


PLHS502A 


RATINGS 


SYMBOL 
PARAMETER 
Min 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


VIN 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°c 


TSTG 
Storage temperature range 
~5 
+150 
°c 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


Low 
High 
Clamp2 


Low2 


High2 


Icc 
Vcc supply current 


Capacitance 


CIN 
Cs 


NOTES: 
1. All typical values are at Vcc = 5V, TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 


TEMPERATURE 


Maximum junction 
1SOoC 


Maximum ambient 
75°C 


Allowable thermal rise 
75°C 
ambient to junction 


VIRGIN 
STATE 
A factory shipped virgin device contains all 
fusible links open, such that: 


All bidirectional (B) pins are outputs. 


2. All outputs are enabled. 


3. All outputs are active-Low 
except 


00 - 07, which are active-High. 


Input Buffer 
(DINS02, CDINS02, BDIN502 
NINS02, CNINS02, BNIN502) 


I~~ 


SYMBOL 
Min 
Typ 
Max 
UNIT 


tilHL 
0.05 
0.1 
0.15 
ns/~term 


tilLH 
-{I.02 
-{I.05 
-{I.08 
ns/~term 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Min 
Typ 
Max 
UNIT 
NOTES 
(Output) 
(Input) 


lHL 
X 
I 
4 
5 
6 
ns 
With a ~term 
load 
lLH 
X 
I 
4.5 
55 
6.5 
ns 


lHL 
Y 
I 
2 
3 
3.5 
ns 
With a ~term 
load 
lLH 
Y 
I 
3.5 
35 
4 
ns 


Input Pins: 1,2,4-<l,10, 
11,13,14,17,18,53,56-59,61,62,64-<56,68. 


Bidirectional Pins: 19, 22-25, 27, 28, 30. 
Limit of 16 NAND terms for Input Buffer (X and Y) and Internal Foldback NAND (Y). 


T,l-eb"' 
~ 
In--D~~ 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Min 
Typ 
Max 
UNIT 
(Output) 
(Input) 


lpHL 
Out 
In 
8.5 
9 
13.5 
ns 
lpLH 
Out 
In 
9 
10 
14 
ns 


toE 
Out 
Tri-Ctrl 
10 
12 
18.5 
ns 
toD 
Out 
Tri-Ctrl 
8 
10 
16 
ns 


Bidirectional and Output Pins: 19, 22-25, 27, 28, 30. 


Internal Foldback 
NAND 
(FBNAND) 


x 
D 


y 


SYMBOL 
Min 
Typ 
Max 
UNIT 


tilpHL 
0.05 
0.1 
0.15 
ns/~term 


tilpLH 
-{I.02 
-{I.05 
-{I.08 
ns/~term 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Min 
Typ 
Max 
UNIT 
(Output) 
(Input) 


lpHL 
Y 
X 
4.0 
5.0 
5.5 
ns 


lpLH 
Y 
X 
5.5 
6.5 
8 
ns 


Limit of 16 NAND terms for Input Buffer (X and Y) and Internal Foldback NAND (Y). 


With a ~term 
load 


With a ~term 
load 


3-State 
Output with Programmable 
Polarity 
(TEX0502) 


TrI-<:lI1 D 
~6-0 


Corwwctlon 
= 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Mln 
Typ 
Max 
UNIT 
(Output) 
(Input) 


lpHL 
Out 
In 
9 
10 
19 
ns 
lpLH 
Out 
In 
10 
12 
19 
ns 


toE 
Out 
Tri-Ctrl 
10 
12 
18.5 
ns 
too 
Out 
Tri-Ctrl 
8 
10 
16 
ns 


Output Pins: 47, 48, 51, 52. 


Output with Programmable 
Polarity 
(EX0502) 


I"",og •• mmable 
~ 
pD------D 


Col"ltWC1Ion 
-- 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Mln 
Typ 
Max 
UNIT 
(Output) 
(Input) 


lpHL 
Out 
In 
9 
10 
19 
ns 
lpLH 
Out 
In 
10 
12 
19 
ns 


Output Pins: 41,42,44,45. 


Output Buffer 
(NOU502) 


Out 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Mln 
Typ 
Max 
UNIT 
(Output) 
(Input) 


lpHL 
Out 
In 
8 
9 
14 
ns 
lpLH 
Out 
In 
9 
10 
13.5 
ns 


Output Pins: 31, 32, 34-36, 38-40. 


INPUTS 
OUTPUTS 
Q- 


CLR 
CK 
D" 
a 
0 
-.£K.!-Q:~ 
D 


CK 


H 
X 
X 
L 
H 
0- 


L 
L 
X 
00 
00 
I 


L 
i 
H 
L 
H 
CLR 


i 


'wCK,,1pcK' 


L 
L 
H 
L 


NOTE: 
00,00 represent 
previous 
stable 
condition 
of a, O. 
Q- 


,,-~ 
D 


LIMITS 
CK2 
CK 
v 


SYMBOL 
Min 
Typ 
Max 
UNIT 
0- 


fCK1 
33 
37 
40 
MHz 
I 


CLR 


fCK2 
37 
40 
43.5 
MHz 
'wCK2. 1pcK2 


fCK3X 
33 
37 
40 
MHz 


fCK3Y 
37 
40 
43.5 
MHz 


~D 
Q- 


tWCKl 
15 
10 
8 
ns 


lpCKl 
30 
27 
25 
ns L 


CK 
0- 
tw CK2, tw CK3Y 
10 
9 
8 
ns 


lp CK2. lp CK3Y 
27 
25 
23 
ns 
I 
CLR 


tWCK3X 
10 
9 
8 
ns 
'wCK30 1pcK3 


lp CK3X 
30 
27 
25 
ns 


tSETUP U 
7 
5.5 
3 
ns 
LIMITS 


t,.,OLOU 
8.5 
4.5 
1 
ns 
SYMBOL 
Mln 
Typ 
Max 
NOTES 


tWCLR High 
10 
9 
8 
ns 
titSETUP 
-{)02 
-{).05 
-{).1 
ns/FO 
of CK1,2,3 


LIMITS 
NOTES: 


SYMBOL 
FROM 
TO 
Mln 
Typ 
Max 
UNIT 
1. 
Setup 
and 
Hold 
times 
are with 
reference 
to rising 
edge 
of 


(INPUT) 
(OUTPUT) 
CK1, 
CK2, 
and CK3. 


lpLH 
CK1 
0,0 
16.5 
20 
25 
ns 
2. 
Limit 
of 16 Logic 
terms 
load 
on a and O. 


lpHL 
CK1 
0.0 
17.5 
20.5 
24.5 
ns 


lpLH 
CK2 
0,0 
12 
14 
16.5 
ns 


lpHL 
CK2 
0,0 
13 
15 
16 
ns 


lpLH 
CK3X 
0,0 
14 
16 
19.5 
ns 
LIMITS 


lpHL 
CK3X 
0,0 
15 
16 
19 
ns 
SYMBOL 
Min 
Typ 
Max 
NOTES 


lpLH 
CK3Y 
0,0 
12 
14 
16.5 
ns 
tilpHLK 
0.05 
0.1 
0.15 
ns/FO 
of CK1,2,3 


lpHL 
CK3Y 
0,0 
13 
15 
16 
ns 
tilpLHK 
0.05 
0.1 
0.15 
nsiFO 
of CK 1,2,3 


lpLH 
CLR 
0,0 
11 
15 
20 
ns 
tilpLHO 
-{)02 
-{).5 
-{).08 
ns/p--term 
load on 
0,0 


lpHL 
CLR 
0.0 
12 
15 
19.5 
ns 
tilpHLO 
0.05 
0.1 
0.15 
ns/p--term 
load 
on 


0,0 


INPUTS 
OUTPUTS 
~ 
S 
"R 
Q 
0 
S 
Q f-- 


ClR 
CK 


H 
X 
X 
X 
l 
H 
-..J:~ 
CK 


L 
L 
X 
X 
00 
00 
~ 
i 
R 
0- 


L 
H 
L 
L 
H 


L 
i 
L 
H 
H 
L 
C~ 


L 
i 
H 
H 
00 
00 
twCK'. tpcKl 


L 
i 
L 
L 
Not allowed 


NOTE: 
~ 
00• 00 represent 
previous 
stable 
condition 
of 0,O. 
S 
Q - 


CKZ 
...r--, 
CK 
LIMITS 
v~ 
SYMBOL 
Mln 
Typ 
Max 
UNIT 
R 
0- 


fCK1 
33 
37 
40 
MHz 


fCK2 
37 
40 
43.5 
MHz 
CLR 


fcK3x 
33 
37 
40 
MHz 
twCKZ, IPCK2 


fCK3Y 
37 
40 
435 
MHz 


tWCKl 
15 
10 
8 
ns 


.~~s 
30 
27 
25 
Q- 
lpCKl 
ns 


~ 


tWCK2 
10 
9 
8 
ns 
: 
CK 


lp CK2 
27 
25 
23 
ns 
CK3YR 
}-- 
o- 
R 


tWCK3X 
10 
9 
8 
ns 


lp CK3X 
30 
27 
25 
ns 
C~ 


tWCK3Y 
10 
9 
8 
ns 
twCK3,1pCK3 


lp CK3Y 
27 
25 
23 
ns 


tSETUPS,li 
7 
5.5 
3 
ns 
LIMITS 


!HoLD S, li 
8.5 
4.5 
1 
ns 
SYMBOL 
Mln 
Typ 
I Max 
NOTES 


tWClR 
High 
10 
9 
8 
ns 
L'>lsETUP 
-{).02 
-{).05 
-{).1 
ns/FO 
of CK1,2,3 


LIMITS 
NOTES: 


SYMBOL 
FROM 
TO 
Mln 
Typ 
Max 
UNIT 
1. 
Setup 
and 
Hold 
times 
are with 
reference 
to rising 
edge 
of 


(IN PUn 
(OUTPUn 
CK1, 
CK2, 
and CK3 


lplH 
CK1 
0,0 
16.5 
20 
25 
ns 
2. 
Limit 
of 16 Logic 
terms 
load 
on a and O. 


lpHl 
CK1 
0,0 
17.5 
20.5 
24.5 
ns 


lplH 
CK2 
0,0 
12 
14 
16.5 
ns 


lpHl 
CK2 
0,0 
13 
15 
16 
ns 


lplH 
CK3X 
0,0 
14 
16 
19.5 
ns 
LIMITS 


lpHl 
CK3X 
0,0 
15 
17 
19 
ns 
SYMBOL 
Min 
Typ 
Max 
NOTES 


lplH 
CK3Y 
0,0 
12 
14 
16.5 
ns 
L'>tPHlK 
005 
0.1 
0.15 
ns/FO 
of CK1,2,3 


lpHl 
CK3Y 
0,0 
13 
15 
16 
ns 
L'>tPlHK 
0.05 
0.1 
0.15 
nsiFO 
of CK1,2,3 


lplH 
CLR 
0 
11 
15 
20 
ns 
L'>tPlHO 
-{).02 
-{).5 
-{).08 
ns/p-term 
load 
on 


0,0 


lpHl 
CLR 
a 
12 
15 
19.5 
ns 
L'>lpHlO 
0.05 
0.1 
0.15 
ns/p-term 
load on 


0,0 


I 
xslfx41fxi]fx4lr x8]fxsl 
)joiiji§ 
E 
1~~;;O 
180-187 


~i 
s 
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FUNCTION 
INTERNAL NAND 
TYPICALtPO 
!MAX 
COMMENTS 
EQUVALENT 


Gates 


NANDs 
1 
6.50s 
For 1 to 32"in 
input variables 


ANDs 
1 
6.5ns 
Additional internal inputs can be used as needed 
NORs 
1 
6.5ns 
Additional internal inputs can be used as needed 
ORs 
1 
6.5ns 
Additional internal inputs can be used as needed 


Macro Flip-Flops 


D- Type Flip-Flop 
N/A 
40MHz 
Total budget = 8 


SR- Type Flip-Flop 
N/A 
40MHz 
Total budget = 8 


Gate Implemented Fllp-Flopa 


D--Type Flip-Flop 
6 
35MHz 
With asynchronous S-R 
T-Type Flip-Flop 
6 
35MHz 
With asynchronous S-R 
J-K- Type Flip-Flop 
10 
35MHz 
With asynchronous S-R 
Transparent-D 
Latch 
4 
N/A 
With asynchronous S-R 


S-R Latch 
2 
N/A 
With asynchronous S-R 


Decoders 


3-10-8 
8 
1105ns 
Inverted inputs available 
4-10-16 
16 
1105ns 
Inverted inputs available 
5-t0-32 
32 
11.5ns 
Inverted inputs available (24 chip outputs only) 


Encoders 


8-t0-3 
15 
11.5ns 
Inverted inputs, 2 logic levels 
16--t0-4 
32 
11.5ns 
Inverted inputs, 2 logic levels 
32-t0--5 
41 
11.5ns 
Inverted inputs, 2 logic levels 


Multiplexers 


4-10--1 
5 
11.5ns 
Inverted inputs available 
8-10--1 
9 
11.5ns 
Inverted inputs available 
16--t0--1 
17 
11.5ns 
Inverted inputs available 
27-t0--1 
28 
11.5ns 
Can address only 27 external inputs - more if internal 
only. This disallows clock inputs to flip-flop. 


Document No. 


ECN No. 


Date of Issue 
November 1989 


Status 
Preliminary Specification 


Programmable Logic Devices 


FEATURES 


• Programmable 
Macro Logic 


• TTL compatible 


• SNAP development 
system 


- Supports third-party 
schematic 


entry formats 


- Macro library 
- Versatile nelllst format for design 


portability 
- Logic, timing, and fault 


simulation 


• Delay per Internal NAND function = 


4.5ns (typ) 


• security 
fuse for copy protection 


STRUCTURE 


• 86 foldback terms 


- 78 foldback 
NAND terms 


- 8 fold back Exclusive-OR terms 


• 64 additional 
logic terms 


• 28 dedicated Inputs 


.12 
bidirectional 
pins with Actlve- 


High output and Independent 
3-State control 


• 12 dedicated Active-High 
outputs 


with Independent 3-state control 


PLHS601 
Programmable 
Macro Logic 
PMLTM 


DESCRIPTION 
The Signetics Programmable Macro Log- 
ic (PML) family of PLDs provides the ca- 
pability to create fast and cost effective 
solutions for general purpose logic inte- 
gration, microprocessor bus interface and 
control applications. PML incorporates 
folded NANDgates asthe core of its archi- 
tecture. With this architecture, multiple 
levels of logic can be realized within the 
device without wasting valuable 1/0 pins. 
Furthermore, full connectivity is estab- 
lished among the different macros within 
the device, which in turn eliminates the 
route and place restrictions associated 
with high density programmable gate 
arrays. 


The PLHS601 is a high-density bipolar 
PML device. The high number of 1/0 pins 
and the folded NAND architecture makes 
this device ideal in a wide range of bus in- 
terface and control logic applications. The 
PLHS601 is a powerful solution to elimi- 
nate wait states and create cost-effective 
microprocessor support circuitry. 


APPLICATIONS 


• General purpose logic Integration 


and microprocessor 
support 
logic 


• PAL® and glue logic replacement 


• High speed and wide address 


decoders 


• Wide mUltiplexers 
and decoders 


• Bus arbitration 
functions 


ARCHITECTURE 
The core of the PLHS601 is a program- 
mable fuse array of 78folded NANDgates 
and 8 folded Exclusive-OR gates. The 
output of each gate folds back upon itse~ 
and all other gates. In this manner, full 
connectivity 
of 
all 
logic 
functions 
is 


achieved. Any logic functions can be im- 
plemented within the core of the device 
without wasting valuable I/0pins. Further- 
more, a speed advantage is achieved by 
creating multiple levels of logic within the 
folded core without incurring any delays 
from the 1/0 buffers. 


PMLis a trademarkof PhilipsComponents-Si9netics. 
®PAL isa registeredtrademarkof MonolithicMemories,Inc.,a whollyownedsubsidiaryof AdvancedMicroDevices,Inc. 


Philips Components 


PHILIPS 


VCC2 


so 


81 


B2 


83 


B4 


GND< 


DESIGN 
DEVELOPMENT 
TOOLS 
The SNAP Software Development System pro- 
vides the necessary tools for designing with 
PML. SNAP provides the following: 


• Schematic entry netlistgeneration from third- 
party schematic design packages such as 


OrCAD/SDT III™ and FutureNetTM. 


• Macro library for standard PLHS60 1 func- 


tions and user defined functions 


• Boolean equation entry 


• State equation entry 


GN010 


16 


IS 


14 


13 


12 
vcc. 


11 


10 


• Syntax and design entry checking 


• Simulator includes logic simulation, fault sim- 


ulation, automatic 
test vector generation, 


and timing simulation. 


SNAP operates on an IBM® 
PC/XT, PC/AT, 


Ps/2, or any compatible system with DOS 2.1 
or higher. The minimum system configuration 
for SNAP is 640K bytes of RAM and a hard disk. 


SNAP provides primitive PML function libraries 
for third-party 
schematic 
design 
packages. 


FutureNEK 
is a trademark 
of FutureNet 
Corporation. 


DrCAD/SOT 
is a trademark 
01 OrctAD. 
Inc. 
IBM 
is a registered 
trademark 
of International 
Business 
Machinoo 
Corporation. 


Custom macro function libraries can be defined 
in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and complete- 
ness. Complete simulation can be carried out 
using the different simulation tools available. 


The programming data is generated in JEDEC 
formal. Using the Device Programmer 
Inter- 


face (DPI) module of SNAP, the JEDEC fuse- 
map is sent from the host computer to the 
device programmer. 


78 
8 


INPUT 
NAND 
EX-oR 
OUTPUT 


BUFFERS 
TERMS 
TERMS 
TERMS 
D- --c> 
. 
. 
D- -I"> 


INPUT 
BUFFERS 


12 


8 
78 9Q~~ 


X12 
X'2 
X, 
X, 


I 
XI 
r-l 
V 


r-l 


OUTPUT 
BUFFERS 


28 
DEDICATED 
INPUTS 


[Q 


I 
N 
T 
NAND 
E 
ARRAY 
R 
C 
0 
N 
N 
E 
C 
T 


[Q 


EXCLUSIVE 
OR 


12 
BIDIRECTIONAL 
IIOS 
+ 
12 
OUTPUTS 


ORDERING 
INFORMATION 


DESCRIPTION 
ORDER CODE 


PLHS601A 


RATINGS 


SYMBOL 
PARAMETER 
Mln 
Max 
UNIT 


Vcc 
Supply voltage 
+7 
Voc 


V1N 
Input voltage 
+5.5 
Voc 


VOUT 
Output voltage 
+5.5 
Voc 


IIN 
Input currents 
-30 
+30 
mA 


lOUT 
Output currents 
+100 
mA 


TA 
Operating temperature range 
0 
+75 
°c 


TSTG 
Storage temperature range 
~5 
+150 
°c 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


VIRGIN STATE 
A factory shipped virgin device contains all fus- 
ible links open, such that: 


1. All product terms are enabled. 


2. All bidirectional (8) pins are outputs. 


3. 
All outputs are enabled. 


4. All outputs are Active-HIGH. 


TEMPERATURE 


Maximum junction 
150°C 


Maximum ambient 
75°C 


Allowable thermal rise 
ambient to junction 
75°C 


Low 
High 
Clamp2.3 


Low2 


High2 


los 
Short circuit3• 4 


Icc 
Vce supply currentS 


Capacitance 


Vcc = Min 
Vcc = Max 


Vce = Min. IIN=-12mA 


Vce = Min 


10L = 10mA 


10H =-2mA 


Vce = Max 


V1N~ 0.45V 


V1N= 5.5V 


Vcc = Max 


VOUT = 5.5V 
VOUT = 0.45V 


VOUT = OV 


Vce = Max 


Vce = 5V 
V1N= 2.0V 
VOUT = 2.0V 


CIN 
CB 


NOTES: 


1. All typical values are at Vcc = 5V. TA = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. 
Test one at a time. 
4. 
Duration of short circuit should not exceed 1 second. 


5. 
Ice is measured with all dedicated inputs at OVand bidirectional and output pins open. 


6. 
Leakage values are a combination of input and output leakages. 


TEST LOAD CIRCUITS 


Vcc 


<>-r- 
10 


I 
I 
I 
I 
o-L-- 
I 
By 


127 


~ 
BW 
BZ 
o--L.- 


Bx 
Ox 
GND 
= 


UNIT 


V 
V 
V 


0.45 
V 
V 


-100 
~ 


40 
~ 


80 
~ 
-140 
-70 
mA 


340 
mA 


pF 
pF 


...~ 


ov --J L tR tFJ 
~O% 


2.Stw 
2.s.. 
~*-£ 


2._ 
2._ 


MEASUREMENTS: 
All circuit delays are measured at the +' .5V level 
of Inputs and outputs, 
unleu 
othetwi6e 
aped\ed. 


Input Pulses 


78 
NAND 
TERMS 


8 
EX-OR 
TERMS 


MACRO CELL SPECIFICATIONS 
TA = ooc to +75°C, 4.75V 5 Vcc 5 5.25V, CL = 3OpF,R2 = 10000, R1 = 4700 
(SNAP ResourceSummary Designationsin Parentheses) 


Input Buffer 
(DIN601, NIN601) 


LIMITS 


SYMBOL 
Mln 
Typ 
Max 


6.!HL 
0.05 
0.1 
0.15 


6.lt.H 
-{).02 
-{).05 
-{).08 


nsl~term 


nsl~term 


To 
From 
(Output) 
(Input) 


lpHL 
X 
I 
4 
5 
6 
ns 
lpLH 
X 
I 
4.5 
5.5 
6.5 
ns 


lpHL 
Y 
I 
2 
3 
3.5 
ns 
lpLH 
Y 
I 
3.5 
3.5 
4 
ns 


Input Pins: 1-2,4-8, 
10-11, 
13-15, 
17-19,52-53,55-59,61-62,64-66,68. 


Bidirectional Pins: 21 - 25,27 - 28, 30 - 32,34 - 35. 
Maximum internal fan-out: 16p-terms on X or Y. 


Internal Foldback NAND 
(FBNAND) 


Input 
D 


Output 


LIMITS 


SYMBOL 
Mln 
Typ 
Max 
UNIT 


6.lpHL 
0.05 
0.07 
0.1 
nsl~term 


6.lpLH 
-{).02 
-{).05 
-{).08 
nsl~term 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
Mln 
Typ 
Max 
UNIT 
NOTES 
(Output) 
(Input) 


lpHL 
Out 
Any 
20 
2.7 
4 
ns 
With 0 ~terms load 
lpLH 
3.7 
4.5 
6 
ns 


Maximum internal loading of 16 terms. 


MACRO 
CELL SPECIFICATIONS 
(Continued) 
TA = o°c to +75°C, 4.75V.s Vcc.s5.25V, 
cL = 30pF, R2 = 1()()(),Q,R1 = 4700 
(SNAP Resource Summary Designations in Parentheses) 


Non-lnvertlng 
Output Buffer wlth 3-State Control 
(NOU601) 


T~~ 
OJ 
In-D~CM 


PARAMETER 
UMITS 


SYMBOL 
To 
From 
Mln 
Typ 
Max 
UNIT 
(Output) 
(Input) 


lpHL 
Output 
In 
8 
9 
11.5 
ns 


lpLH 
Output 
In 
9 
10 
13.5 
ns 


taE 
Out 
Tri-etrl 
10 
11.5 
13.5 
ns 


taD 
Out 
Tri-etrl 
8 
9.5 
11.5 
ns 


Bidirectional and Output Pins: 19, 21,22,23, 
15 - 18. 


Internal 
Ex-OR Feedback Terms 
(EX0601) 


LIMITS 


SYMBOL 
Min 
Typ 
Max 
UNIT 


~lpHL 
0.05 
0.07 
0.1 
nslp-term 


~lpLH 
-{).02 
-{).05 
-{).08 
nslp-term 


PARAMETER 
UMITS 


SYMBOL 
To 
From 
Min 
Typ 
Max 
UNIT 


(Output) 
(Input) 


lpHL 
Out 
AorB 
4 
5 
5.6 
ns 
lpLH 
Out 
A or B 
5.5 
6.5 
8 
ns 


PLHS601 
GATE AND SPEED ESTIMATE 
TABLE 


FUNCTION 
INTERNAL NAND 
EQUVAlENT 


Gales 


NANDs 
4.5ns 
ANDs 
4.5ns 
NORs 
4.5ns 
ORs 
4.5ns 


Decoders 


3-to--8 
8 
4-10-16 
16 
5-10-32 
32 


Encoders 


8-to-3 
15 


16-t0-4 
32 


32-t0-5 
41 


Multiplexers 


4-10-1 
5 
7.2ns 
8-10-1 
9 
7.2ns 
16-to-l 
17 
7.2ns 
27-t0-1 
28 
7.2ns 


Flip-Flops 


D-type Flip-Flop 
6 
T-type Flip-Flop 
6 
J-K-type 
Flip-Flop 
10 


Adders 


8-l>it 
45 


Barrel Shihers 


8-l>it 
72 


lalches 


D-tatch 
3 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels, factored solution. 


With asynchronous 5-R 
With asynchronous 5-R 
With asynchronous 5-R 


-CDSETUP 


-M1~O 
-$. 
-SO 
-A2 
-AI 


-All 


BUFEN 


DlR 


POS 
BYTE 
2 
DATA 
OUTPUT 


Document 
No. 


ECN No. 


Date of Issue 
November 
1989 


Status 
Preliminary 
Specification 


Programmable 
Logic Devices 


• Full connectivity 


• Scan test 


• Power down mode 


• 100% testable 


• High-Speed and Standard versions 


• SNAP development system 


- Supports third-party schematic entry 
formats 
- 
Macro library 


- Versatile nellist format for design 
portability 
- 
Logic, timing, and faull simulation 


• TTL compatible 


• Power dissipation (TTL) = 630mW 


• Power dissipation (CMOS) = 525mW 


• Security fuse 


• Delay per Internal NAND gate 
= 12ns (typ) (High-Speed) 
= 15ns (typ) (Standard) 


.112 
possible foldback NAND gates: 
- 96 internal NAND 
- 16 from the I/O macros 


• 114 additional logic terms 


• 53 possible Inputs (with programmable 
polarity) 
- 29 dedicated Inputs 
- 
24 bidirectional 
I/Os 


PML2552 
Programmable 
Macro Logic 
PMLTM 


• 52 flip-flops 


• 24 possible outputs with Individual 
Output Enable control (8 with 
programmable polarity) 


• Multiple Independent clocks 


• 20 Burled JK-type flip-flops with fold- 
back (JKFFs): 


- 10 JKFFs with one shared preset 
signal and one shared clocked signal 
originating from the clock array. 


- 10 JKFFs with 10 independent clock 
signals originating from the clock 
array and 10 Independent clear 
signals 


• 258 Inputs per NAND gate 


• Bypassable Input D-type flip-flop 
(DFFs)/Comblnatoriallnputs: 


- 
16 DFFs/comblnatorial inputs 


- 
DFFs clocked In two groups of eight 


- 
DFFs not bypassed In unprogrammed 
state 


- 
Independent bypass fuse on each 
OFF 


• Inputs/bypassable D-type flip-flop 
outputs/fold back NAND gates: 


- 
16 output DFFs/combinatorlal inputs! 
outputs with individual Output Enable 
control 


- 
DFFs clocked In two groups of eight 


- 
DFFs not bypassed in unprogrammed 
state 


- 
Independent bypass fuse on each 
OFF 


- The OFFcan be used as an Internal 
OFF or an Internal foldback NAND 
gate. 


• Combinatorial Inputs: 


- 9 dedicated Inputs to the NAND array 
- 3 Inputs optional to NAND array and/ 


or clock array 
- 
1 Input optional to NAND array and/or 
clock array, and/or clock of Input 0 
Flip-Flops (Group B) 


• Separate clock array: 
- Separate clock array for JKFFs clock 


inputs 
- 4 Inputs to clock array originate from 
NAND array 
- 4 Inputs (with programmable polarity) 
directly from input pins 
- 
10 inputs from a outputs of JKFFs 
with clear 


• Dedicated clocks: 


- One dedicated clock for Input DFFs 


(Group A) 
- Two dedicated clocks for output DFFs 


• Scan test feature: 
- Scan chain Is Implemented through 


the 20 buried JKFFs and 16 output 
DFFs 
- 
Pins SCI, SCM, and CKEl are used to 
operate the scan test 


• Power down mode 
- 
Dedicated pin (PO) freezes the circuit 
when brought to logic "1". The circuit 
remains In the same state prior to the 
logic "0" to logic "1" transition of the 
"PO" pin. 


- When In the power down mode, the 


SCI pin acts as the 3-State pin for the 
24 outputs. 


• Power on reset: 


- All flip-flops (16 Input DFFs, 20 burled 


JKFFs, and 16 output DFFs) are reset 
to logic "0" after Vcc power on. 


Philips Components 
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PIN CONFIGURATION 


~ g g <; ~ ~ ~ ~ g 0 w ~ ~ 


0 
~ 
~ 
z " 
g g 
" 
0 
• • • • , 
• 
1/012 


VO,. 


VO,. 


VO,. 


CKE2 


VCC2 
eo 


B' 


B' 


I/CKD3 
B4 


GND2 


I/CKD2 
B. 


VCKD, 
B6 


VCKBICKC 
B7 


PO 
IIOAO 


IIOB7 
VDAI 
~ 3l ~ ~ Ii! 8 ~ Oi 2 < :c ~ ~ ::1 ~ ~ ~ 
0 
CD 
" 
0 
0 g g g g z g g g 
0 is 
0 g g g g g 
> 
" 
> 


DESCRIPTION 
ORDER CODE 


6~in 
Plastic Leaded Chip Carrier 
PML2552AA 
High-Speed 


68-pin Ceramic Leaded Chip Carrier with quartz window 
PML2552ALA 
High-Speed 


68-pin Plastic Leaded Chip Carrier 
PML2552A 
Standard 


~in 
Ceramic Leaded Chip Carrier with quartz window 
PML2552LA 
Standard 


16 
INPUT 
D FUP-fLOPS 
• 
13 DEDICATED 
INPUTS 


~ 


I 
N 
16 OUTPUT 
T 
E 
DFUP-FlOPS 


R 
FOLDED 
C 
NAND 
0 
ARRAY 
N 
8 
N 
E 
C 
T 


10 
JK FUP-FLOPS 
WITH 
COMMON 
ClK 


10 


JK 
FUP-FlOPS 
WITH 
DISTINCT 
ClKS 


F 


~ 
00 


~~ 


8 
8 
B 
V- 
I 
8 
r-. 
A 


IIOA 
8 
o 
0 


CKA 
, 
(8) 'I 


B~ 
8 


IIOB 
8 
~ 


~ 


I/OB-VOI5 
(SCAN OUT) 
, 


BFA(8-15~ __ 
~ 
8 


8 
1100-1/07 
I/eKB/eKe 
, 
, 
Ii ~ 


SCAN OUT) 


8 


I 
8 
8 


3 
3 
8 


lICK 


, 
3 j ijg' 
.j 


E 


10 
10 
10 W &~. 


I. 


8 
8 
K 
J 
K 
J 
o 
0 
BFB(0-7) 
- 
CL (10) 
CK2 
CK, 
(10) 
PR 
(8) 
(8) 
00 
o 
0 
o 
0 
,-0"::" 
0"::" 
20 
) 
) 


BFB(8-15) 


I 
20 
'0 
KEI 


(SCAN CLOCK) 


'0 
1 


KE2 


8 
8 
3 


1 
100~1 
• 


DESCRIPTION 
The Signetics PML family of PLDs provides 
"instant gate array" capabilities 
for general 


purpose 
logic integration 
applications. 
The 
PML2552 is the first high density CMOS-PML 
product. Fabricated with the Signetics high- 
performance 
EPROM process, it is an ideal 


way to reduce NRE costs, inventory problems 
and quality concerns. The PML2552 incorpo- 
rates the PML folded NAND array architecture 
which provides 100% connectivity to eliminate 
routing 
restrictions. 
What 
distinguishes 
the 
PML2552 from the "classic" PLD architectures 
is its flexibility and the potent flip-flop building 
blocks. The device 
utilizes a folded NAND 


architecture, which enables the designer to im- 
plement multiple levels of logic on a single chip. 
The PML2552 eliminates the NRE costs, risks, 
and hard to use design tools associated with 
semicustom 
and full custom approaches. 
It 


allows the system designer to manage reliable 
functionality, in less time and space plus a fast- 
er time to market. The PML2552 is ideal in to- 


days instrumentation, industrial control, EISA, 
NuBusThl, 
bus 
interface 
and 
dense 
state 


machine applications 
in conjunction with the 


state-<>f-the--art CMOS processors. It is capa- 
ble of replacing large amounts of TIL, SSI and 
MSI logic and literally allows the designer to 
build a system on the chip. 


The SNAP development software gives easy 
access to the density 
and flexibility of the 
PML2552 through a variety of design entry for- 
mats, including schematic, logic equations, and 
state equations in any combination. 


ARCHITECTURE 
The core of the PML2552 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates and 
flip-flops. The '0' and '0' output of each flip- 
flop also folds back in the same manner. Thus, 
total 
connectivity 
of 
all 
logic 
functions 
is 


achieved in the PML2552. Any logic function 
can be created within the core without wasting 
valuable 1/0 pins. Furthermore, a speed advan- 
tage is acquired by implementing multi-Jevel 
logic within a fast internal core without incurring 
any delays from the 1/0 buffers. Figure 1shows 
the functional block diagram of the PML2552. 


Macro Cells 
There are 16 bypassable DFFs on the input to 
the NAND array. These flip-flops are split in two 
banks of 8 (Bank A and Bank B). Each bank of 
flip-flops 
has a common clock. In the unpro- 


grammed state of the device the flip-flops are 
active. In order to bypass any DFF, its respec- 
tive bypass fuse (BFAx) must be programmed. 


The 161/0 pins (100-10,5) 
and theirre5pective 


D flip-flop macros can be used in anyone of the 
following configurations: 
1. As combinatorial input(s). 


Each of the 16 3-State outputs can be indi- 
vidually disabled by the associated NAND 
term and the pin is used as an inverting or 
non-Jnverting input. 


2. As registered DFF outputs. 


These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFBx (see PML2552 Logic 
Diagram) is used to bypass any one of these 
DFFs. The flip-flops are all active in an un- 
programmed device. 


3. 
As combinatorial outputs. 
By programming the bypass (BFBx) fuse of 
anyone 
of the DFFs, the flip-flop(s} 
is by- 


passed. The 1/0 pin can then be used as a 
combinatorial output. 


4. As 
Internal 
foldback 
DFFs or foldback 


NAND gates. 
When the 1/0 pin is used as an input, the 
output macro can be used as an internal 
DFF or a foldback NAN D term. If the bypass 
fuse is programmed, the macro will act as a 
foldback NAND term. Otherwise itwill act as 
an internal DFF. 


The 8 bidirectional pins(BO--B7) can beusedas 
either combinatorial inputs or outputs with pro- 
grammable polarity. The outputs are inverting 
in the unprogrammed state. In order to make 
the outputs 
non-inverting, 
fuse BFCx (See 


Logic Diagram) must be programmed. 


The NAND signal labeled '00' (Output Disable) 
shown on the PML2552 logic diagram is used 
for the Power Down mode operation. This sig- 
nal disables the outputs when the device enters 
the Power Down mode and SCI is high. 


Clock Array 
The 20 buried JKFFs can be clocked through 
the 'Clock Array'. The Clock Array consists of 
11 NAND terms. Ten of these terms are con- 
nected to the clock inputs of the Bank A flip- 
flops that can be clocked 
individually. One 


NAND gate is connected to Bank B flip-flops 
that have a common clock. There are' 8 inputs 
to the clock array. Four come directly from the 
input pins 
(with programmable 
polarity), 
4 
inputs 
are from 4 NAND gates connected 


directly to the folded NAND array. 10 inputs are 
from the 0 outputs of the JKFFs with clear. 


SCAN TEST FEATURE 
With the rise in the ratio of devices on a chip to 
the number of I/O pins, Design For Testability 
is becoming an essential factor in logic design 
methodology. 
The PML2552 
incorporates 
a 
variable length scan test feature which permits 
access to the internal flip-flop nodes without re- 
quiring a separate external 
I/O pin for each 


node accessed. Figure 2 (Scan Mode Opera- 
tion) shows how a scan chain is implemented 
through the 20 buried JKFFs and 16 output 
DFFs. Two dedicated pins, SCI (Scan In) and 
SCM (Scan Mode), are used to operate the 
scan test. The SCM pin is used to put the circuit 
in scan mode. When this pin is brought to a logic 
"1", the circuit enters the scan mode. In this 


mode it is possible to shift an arbitrary test pat- 
tern into the flip-flops. The SCI pin is used to in- 
put 
the 
pattern. 
The 
inverted 
outputs 
of 
flip-flops DO- D15are observable on pins 1/00 
-1/015. 


The following are features and characteristics 
of the device when in Scan Mode: 
1. CKE1 is the common scan-dock 
for all the 


flip-flops when in scan mode. CKE 1 over- 
rides all clock resources of normal opera- 
tional mode. 


2. The Preset (PR) and Clear (CL) functions of 
the flip-flops are disabled. 


3. 
Scan overrides the bypass fuse of the flip- 
flops. This means that all the bypassable 


DFFs remain intact during scan operation 
even though they may have been bypassed 
during normal operation. 


4. 
To observe the SCAN data, the output bufl- 
ers must be enabled by the Output Enable 
(tri-<:trI) terms. 


5. The outputs of the flip-flops are complem- 
ented on pins 1/00 - 1/015. 


6. All external inputs to flip-flops 
in the scan 


chain are disabled when the device enters 
the scan mode. 


Scan Test Strategy 
The scan test pattern is design dependent and 
the user must make considerations for Design 
For Testability (DFT) during the initial stages of 
the design. A typical test sequence is to pre- 
load (i.e., enter a state); revertto normal opera- 
tion (i.e., activate the next state transition); go 
back to scan mode to check the result. Note that 
the scan test feature available in the PML2552 
is a variable length scan chain. The DATA 
entered at SCI (JKCL9) can be accessed any- 
where between 21 clock cycles (at 1/(0) to 36 
clock 
cycles 
(at 
1/015). 
For 
the 
strategy 


discussed 
here, DATA is read out after 36 


clocks at 1/015(i.e., 
D15). The following opera- 


tion sequence suggests a possible scan test 
method. 


A conservative test policy demands proof that 
the test facility is working. Thus, to prove Scan 
Chain holds and maintains correct data: 


a. 
Fill chain with several patterns (for ex- 
ample, all ones and all zeros). 


b. 
Retrieve same patterns. 


The 
user 
is responsible 
for managing 
an 


ex1ernaltest memory buffer for applied vectors 
and results, as part of the test equipment. 


1. Parallel readout of 1100-1/015 
is possible, 


but assume 
only 
11015 
is used for this 


strategy. 


2. The first DATA entered at SCI (or JKCL9) 


will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output pin 


1/015 (i.e., SCOUT). The last DATA enter- 
ing the scan chain will be the content of 
JKCL9. Thus, the scan chain resembles a 
first-in-first-<lut 
shift register with inverted 
outputs (1/00 
- 
11015). 


3. 
'Test Data' is read in at the SCI input and 
read out of the SCOUT output pin (1/015). 
To enter 'Test Data': 


a. 
Put device in Scan Mode by applying the 
scan control signals (SCM:1). 


b. 
Clock device with scan clock (CKE 1). 


c. 
Apply consecutive serial test vectors. 


d. 
Read back results as new 'Test Data' 
(States) are applied. The first 36 outputs 
read at SCOUT 
(1/015) 
are random 


('old') data (e.g., remnant of Step 1). 


e. 
Apply 36 'Test Data' until the chain is full. 


4. To apply 'Test Data' (States), exit Scan 
Mode and apply on system clock together 
with any other possible test vectors. 


5. To read result of the state transition, re-ent- 
er scan and apply the scan clock (CKE1). 
The result of the state transition in JKCL9 
will be available at SCOUT (1/015) 
after 36 
clocks. The results can be stored in a user 
defined test memory buffer in inverted logic 
representation. 


6. 
As the results are being read and stored, 
new 'Test Data' can be entered via SCI. 


7. 
Repeat for all test pattems of interest. 


8. 
Figure 3 (FLOW_CHART) 
depicts a flow 
chart version of the test sequence. 


A Simple 
Example 


Assume the last three cells of the scan chain 
(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
~itupcounter. 
OUrlestvectorwili 
beasingle 


clock applied to the counter. Suppose we wish 
to first check the State 
5 (i.e., 101) to State 
6 


(i.e., 110) transition, then the State 3(i.e., 011) 
to State 4 (i.e., 100) transition. Assume the 
scan chain has been pr&-verified and we may 
begin. 


Enter scan mode (set SCM=l)1 apply 36 bits in 
sequence so that the value 101 (i.e., State 5) 
resides in the last three cells. Exit scan mode 
(set SCM=O) and apply a single clock to the 
counter. 
Now the value 
110 (i.e., State 6) 


resides in the last three cells. R&-enter scan 
mode (set SCM= 1) and read back 36 bits from 
position 1/015. 
Note that the outputs are com- 


plemented 
and are also read back 
in the 


reverse order. Therefore the value for STATE 
6 


read at 1/015 will be 100 which is the comple- 
ment of STATE 
6 (110) read in the reverse 


order. 


As this is being read back, apply a new state, 
serially equal to the value 011 (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which 
STA TE 6 is being 


read back at 1/015. 
After STATE 
3 has been 


loaded (and STA TE 6 read back), exit scan 
mode and apply a single clock which will invoke 
the STATE 
3 (i.e., 011) to STATE 
4 (i.e., 100) 


transition. 
R&-enter 
scan 
mode 
and 
read 


back 36 bits at 1/015. The last three bits should 
contain 110which is the complement of State 4 
read 
in 
the 
reverse 
order. 
Figure 
4 


(SCAN_EXAMPLE) 
shows a flow diagram of 


this example. Note that the States will always 
be complemented and read back in the reverse 
at 11015. Other sequences may be applied in 
the same manner. 


A possible alternative to this example is to read 
back the output states at 1/00 (DO) instead of 


1/015 (JKCL9). This will allow the outputs to be 
read back after 21 clock cycles rather than the 
36 used in the above example. 


POWER 
DOWN 


The PML2552 offers the user controlled capa- 
bility of pUlling the device to "sleep" where pow- 
er dissipation is reduced to very low levels. 
When brought to a logic"I", 
the PO pin freezes 
the circuit while reducing the power. All data is 
retained. This not only includes that of the 
registers, but also the state of each foldback 
gate. For those cases where it is desirable to 
3-State the outputs, that can be accomplished 
by raising the SCI pin to a logic "1". 


There is one point that should be noted while 
the circuit is in its power-down 
mode. The 
switching of any external clock pin will cause a 
disruption of the data. All clocks must be frozen 
before the circuit goes into power-down 
and 


stay that way until it powered back up. Clocks 
that are internally generated and feed the clock 
array are automatically stopped by the power- 
down circuitry. Any other input can toggle with- 
out any loss of data. 


NOTE: 
1. During power down, external clocks 
(CKA, CKBICKC, CKE1, CKE2) should 
not change. 


2. SCM must be "0" as in normal operation 


mode. 


3. 
External clock recovery time (Iow-to- 
high) is SOns(high-speed) and 70ns 
(standard) after the device is powered up. 


4. 
Power Down Timing Diagrams on pages 
17 and 18 are for combinatorial operation 
only. 


DEVELOPMENT 
TOOLS 
The PM2552 is supported by the Signetics 
SNAP software development package and a 
multitude of hardware and software develop- 
ment tools. These include industry standard 
PLD programmers and CAD software. 


SNAP 
Features 


• Schematic 
entry using DASHTM 4.0 or 


above or OrCADTM SOT III 


• State Equation 
Entry 


• Boolean Equation 
Entry 


• Allows 
design entry In any combination 
of above formats 


• Simulator 
- 
Logic and fault simulation 


- 
Timing model generation 
for device 
timing simulation 


- 
Synthetic 
logic analyzer format 


• Macro library for standard 
PML2552 and 
user defined functions 


• Device independent 
nellist generation 


• JEDEC fuse map generated 
from nelllst 


SNAP (Synthesis, Nettist, Analysis and Pro- 
gram) 
is a versatile development 
tool that 
speeds the design and testing of PML. SNAP 
combines 
a user-friendly 
environment 
and 


DASH 
is a lrademark 
of Data va Corporalion. 
OrCAD 
is a trademark 
of OrGAD, 
Inc. 


IBM is a registered 
trademark 
ol International 
Business 
Machines 
Corporation. 


powerful modules that make designing with 
PML simple. The SNAP environment gives the 
user the freedom to design independent of the 
device architecture. 


The flexibility in the variations of design entry 
methodologies allows design entry in the most 
appropriate terms. SNAP merges the inputs, 
regardless of the type, into a high-level nettist 
for simulation or compilation 
into a JEDEC 


fuse map. The JEDEC fuse map can then be 
transferred 
from the host computer 
to the 


device programer. 


SNAP's 
simulator 
uses 
a 
synthetic 
logic 
analyzer format to display and set the nodes of 
the design. 
The SNAP 
simulator 
provides 
complete timing information, setup and hold- 
time checking, plus toggle and fault grading 
analysis. 


SNAP operates on an IBM® 
PCn(T, PC/AT, 


Ps/2, or any compatible system with DOS 2.1 
or higher. A minimum of 640K bytes of RAM is 
required together with a hard disk. 


DESIGN SECURITY 
The PML2552 has a programmable 
security 
fuse that controls the access to the data pro- 
grammed in the device. By using this program- 
mable feature, proprietary design implemented 
in the device cannot be copied or retrieved. 


UMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ' 
Max 
UNIT 


Input voltage 


Vil 
Low 
Vee = Min 
"'{).3 
0.8 
V 


VIH 
High 
Vcc = Max 
2.0 
Vcc + 0.3 
V 


Output voltage 


VOL 
Low 
Vcc = Min, IOL= 5mA 
0.45 
V 


VOH 
High 
Vcc = Min, IOH= -2mA 
2.4 
V 


Vee = Min, IOH= -20~ 
Vcc-0.1V 
V 


Input current 


III 
Low 
V,N = GND 
-10 
~ 


I'H 
High 
VIN= Vcc 
10 
~ 


Output current 


IO(OFF) 
Hi-Z state 
VOUT= Vee 
10 
~ 


VOUT= GND 
-10 
~ 


Ice 
Vee supply current 
Vee = Max, No load 
CMOSinputZ 
100 
mA 


f = lMHz 
TILinput3 
120 
mA 


ISB 
Standby Vcc supply current 
Vee = Max, No load 
CMOS input 
10 
mA 
PO = VIH 
TILinput 
20 
mA 


Capacitance 


C,N 
Input 
Vcc = 5V, TA = +25°C, V,N= 2.0V 
8 
pF 


CB 
I/O 
Vee = 5V, TA = +25°C, V,O= 2.0V 
16 
pF 


NOTES: 


,. 
All typical values are at Vcc = 5V, TA = +25°C. 
2. CMOS inputs: V,L = GND, V,H = Vcc. 
3. 
TTL inputs: V,L = 0.45V, VIH = 2.4V. 


<:>--r- 
'A 


I 
I 
I 
I 
o--l-- 
,Ia 


0-,-- 
BW 


o-l.- 
Bx 


+5V 
J:D 


NClUDESSCOPE 
AND JIG 
R1 
CAPACITANCE 


R2-=- J el 


NOTE: 
Test Load R, = 750Q, Rz = 442Q, CL = 30pF (CL = 5pF for Output Disable) 
OoC" TA" 
+75°C, 4.75V "Vee" 
5.25V 


MEASUREMENTS: 


All circuit 
delays 
are measured 
at the + 1.5V level of 


inputs 
and outputs, 
unless 
otherwise 
specil'ied. 


(SNAP Resource Summary DesiQnations in Parentheses) 


Input Buffer 
(DIN552, NIN552, BDIN55, BNIN552 
CDIN552, CNIN552, CKDIN552, CKNIN552) 


I~ 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
HIGH-SPEED 
STANDARD 
UNIT 


(Output) 
(Input) 
Mln 
Typ 
Max 
Min 
Typ 
Max 


IpHL 
X 
I 
3 
6 
10 
3.5 
6 
10 
ns 


IpLH 
X 
I 
3 
6 
10 
3.5 
6 
10 
ns 


IpHL 
Y 
I 
3 
6 
10 
3.5 
6 
10 
ns 


IpLH 
Y 
I 
3 
6 
10 
3.5 
6 
10 
ns 


Input Pins: 8-14,16,17,20,22-24. 
Bidirectional Pins: 1-3, 5-7, 46-48, 50-54, 57-64, 67, 68. 


Internal NAND of Main Array 
(FBNAND, NAND) 


x 
D 


y 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
HIGH-SPEED 
STANDARD 
UNIT 


(Output) 
(Input) 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


IpHL 
Y 
X 
6 
12 
20 
7.5 
15 
25 
ns 


IpLH 
Y 
X 
6 
12 
20 
7.5 
15 
25 
ns 


Internal NAND of Clock Array 
(NAND) 


x 
D 


y 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
HIGH-SPEED 
STANDARD 
UNIT 


(Output) 
(Input) 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


IpHL 
Y 
X 
3 
6 
10 
4.5 
9 
15 
ns 


IpLH 
Y 
X 
3 
6 
10 
4.5 
9 
15 
ns 


MACRO 
CELL AC SPECIFICATIONS 
(Continued) 
Min: OOC,5.25V; Typ: 27"C, 5.0V; Max: 75°C, 4.75V 
(SNAP Resource Summary Des; nations in Parentheses) 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
HIGH-SPEED 
STANDARD 
UNIT 


(Output) 
(Input) 
Min 
Typ 
Max 
Min 
Typ 
Max 


lpHL 
Out 
In 
3 
6 
10 
4.5 
9 
15 
ns 


lpLH 
Out 
In 
3 
6 
10 
4.5 
9 
15 
ns 


toE 
Out 
Tri-etrl 
3 
6 
10 
4.5 
9 
15 
ns 


too 
Out 
Tri-etrl 
3 
6 
10 
4.5 
9 
15 
ns 


PARAMETER 
LIMITS 


SYMBOL 
To 
From 
HIGH-SPEED 
STANDARD 
UNIT 


(Output) 
(Input) 
Min 
Typ 
Max 
Min 
Typ 
Max 


lpHL 
Out 
In 
9 
18 
30 
12 
24 
40 
ns 


lpLH 
Out 
In 
9 
18 
30 
12 
24 
40 
ns 


toE 
Out 
Tri-etrl 
3 
6 
10 
4.5 
9 
15 
ns 


too 
Out 
Tri-etrl 
3 
6 
10 
4.5 
9 
15 
ns 


MACRO 
CELL AC SPECIFICATIONS 
(Continued) 
(SNAP 
Resource 
Summary 
Designations 
in Parentheses) 
o FLIP-FLOP 
.-D~oJ+-i 


~ 


LIMITS 


SYMBOL 
PARAMETER 
HIGH-SPEED 
STANDARD 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


'CKE 
Flip-flop 
toggle 
rate 
50 
33 
MHz 


tWCKE High 
Clock 
HIGH 
10 
15 
ns 


tWCKE Low 
Clock 
LOW 
10 
15 
ns 


tSETUP 10 
10 setup 
time 
to CKE 
30 
40 
ns 


lHOLD/D 
10 holt time 
to CKE 
4 
7.5 
ns 


PARAMETER 
LIMITS 


SYMBOL 
From 
To 
HIGH-SPEED 
STANDARD 
UNIT 


(Input) 
(Output) 
Min 
Typ 
Max 
Mln 
Typ 
Max 


tPLH 
CKEi 
a 
6 
12 
20 
7.5 
15 
25 
ns 


tPHL 
CKE 
i 
a 
6 
12 
20 
7.5 
15 
25 
ns 


MACRO 
CELL AC SPECIFICATIONS 
(Continued) 
(SNAP 
Resource 
Summary 
Designations 
in Parentheses) 


D FLIP-FLOP 
(Continued) 


Input 
and 
Output 
(IDFF552 
& ODFF552) 


INPUTS 
OUTPUTS 
w"•• ~ 


CK 
D 
Q 
0 
CKA, CKe, CKC 
0 


L 
X 
00 
00 
BFAx 


i 
H 
H 
L 


i 
L 
L 
H 
Tri-C01 .-0 


NOTE: 
Qo.Oo 
repf968nt 
previous 
stable 
condition 
of a. o. 
10 
0 
~ 
CKED---~ 
-L...J 


BF:r- 


LIMITS 


SYMBOL 
HIGH-SPEED 
STANDARD 
UNIT 


Mln 
Typ 
Max 
Min 
Typ 
Max 


'CKA, CKB, CKC 
50 
33 
MHz 


tw CKA. CKB, CKC High 
10 
15 
ns 


tw CKA. CKB, CKC Low 
10 
15 
ns 


lsETUP IIDA, 1/08 
10 
10 
ns 


!HOLD 
J/DA, 1/08 
10 
10 
ns 


!CKE 
50 
33 
MHz 


tWCKE High 
10 
15 
ns 


tWCKE Low 
10 
15 
ns 


lsETUP 10 
30 
40 
ns 


WLD/D 
4 
7.5 
ns 


PARAMETER 
LIMITS 


SYMBOL 
From 
To 
HIGH-SPEED 
STANDARD 
UNIT 


(Input) 
(Output) 
Min 
Typ 
Max 
Min 
Typ 
Max 


lpLH 
CKA, 
CKBICKC 
i 
0,0 
4.5 
9 
15 
4.5 
9 
15 
ns 


lpHL 
CKA, 
CKBICKC 
i 
0,0 
4.5 
9 
15 
4.5 
9 
15 
ns 


lpLH 
CKEi 
Out 
9 
18 
30 
12 
24 
40 
ns 


lpHL 
CKEi 
Out 
9 
18 
30 
12 
24 
40 
ns 


MACRO 
CELL 
AC SPECIFICATIONS 
(Continued) 
(SNAP Resource Summary Designations in Parentheses) 


JK FLIP-FLOPS 


(JKPR552) 
(JKCL552) 


INPUTS 
OUTPUTS 
INPUTS 
OUTPUTS 


PH 
CK 
J 
K 
Q 
11 
C[ 
CK 
J 
K 
Q 
11 


L 
X 
X 
X 
H 
L 
L 
X 
X 
X 
L 
H 


H 
i 
L 
L 
00 
00 
H 
i 
L 
L 
00 
00 


H 
i 
H 
L 
H 
L 
H 
i 
H 
L 
H 
L 


H 
i 
L 
H 
L 
H 
H 
i 
L 
H 
L 
H 


H 
i 
H 
H 
TOGGLE 
H 
i 
H 
H 
TOGGLE 


H 
L 
X 
X 
00 
I 
00 
H 
L 
X 
X 
00 
I 
00 


PR~ 
CL 
C[ 
,,:=§[]= 


CL 
0 
IJ 
J 
-0 


CK. 


0 
IK 
K 
-0 
IK 
K 


LIMITS 


SYMBOL 
PARAMETER 
HIGH-SPEED 
STANDARD 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


fCKl 
CKI toggle frequency 
50 
33 
MHz 


fCK2 
CK2 toggle frequency 
50 
33 
MHz 


tWCKl High 
CK1 dock HIGH 
10 
15 
ns 


tWCKl Low 
CK1 dock LOW 
10 
15 
ns 


tWCK2High 
CK2 dock HIGH 
10 
15 
ns 


tWCK2Low 
CK2 dock LOW 
10 
15 
ns 


tSETUPIJ, IK 
IJ, IK setup time to CK1, CK2 
25 
30 
ns 


!HOLD/J,/K 
IJ, IK hold time to CK1, CK2 
0 
0 
ns 


tw PR Low 
Preset Low period 
10 
15 
ns 


tw CL Low 
Clear Low period 
10 
15 
ns 


PARAMETER 
LIMITS 


SYMBOL 
From 
To 
HIGH-SPEED 
STANDARD 
UNIT 


(Input) 
(Output) 
Min 
Typ 
Max 
Min 
Typ 
Max 


lpLH 
CK1,2 
0,0 
1.5 
3 
5 
1.5 
3 
5 
ns 
lpHL 
CK1,2 
0,0 
1.5 
3 
5 
1.5 
3 
5 
ns 


lpLH 
PR 
0,0 
7.5 
15 
25 
9 
18 
30 
ns 
lpHL 
PR 
0,0 
7.5 
15 
25 
9 
18 
30 
ns 


lpLH 
CL 
0,0 
7.5 
15 
25 
9 
18 
30 
ns 
lpHL 
CL 
0,0 
7.5 
15 
25 
9 
18 
30 
ns 


R, = 750n, R. = 442n, 
C =5 
F for Output Disable) (See Test Load Circuit Dia ram) 


UMITS 


SYMBOL 
PARAMETER 
High-Speed 
Standard 
UNIT 


Min 
Max 
Mln 
Max 


Scan mode operation' 


tSCMS 
Scan Mode (SCM) Setup time 
15 
15 
ns 


tSCMH 
Scan Mode (SCM) Hold time 
25 
30 
ns 


tIS 
Data Input (SCI) Setup time 
5 
5 
ns 


tlH 
Data Input (SCI) Hold time 
5 
5 
ns 


!eKO 
Clock to Output (I/O) delay 
30 
40 
ns 


!eKH 
Clock High 
10 
15 
ns 


!eKl 
Clock Low 
10 
15 
ns 


Power down, power up2 


t, 
Input (I, bypassed IIDA, IIDB, 1/0, B) setup time before power down 
40 
50 
ns 


t2 
Input hold time 
30 
35 
ns 


t3 
Power Up recovery time 
60 
70 
ns 


1< 
Output hold time 
0 
0 
ns 


ts 
Input setup time before Power Up 
20 
25 
ns 


toE 
SCI to Output Enable time3 
40 
50 
ns 


too 
SClto Output Disable time3 
40 
50 
ns 


Il; 
Power Down setup time 
10 
15 
ns 


t7 
Power Up to Output valid 
70 
80 
ns 


Power~n 
reset 


tpPR' 
Power-<>n reset output register (0 = 0) to output (1/0) delay 
10 
15 
ns 


tPPR2 
Power-<>nreset input register (0 = 0), buried JK Flip-Flop (0 = 0) 
40 
50 
ns 
to output (B, bypassed I/O) delay 


NOTE: 
1. SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operations can be resumed. 
2. Timings are measured without foldbacks. 
3. 
Transistion is measured at steady state High level (-500mV) or steady state Low level (+500mV) on the output from 1.5V level on the input 


with specified test load (R, = 750n, 
R2 = 442Q, Cl = 5pF). This parameter is sampled and not 100% tested. 
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Part Number 
Device 
Package 
M385101 
JB** 
JS·· 
Standard 
MIL-Drawlng 
Description 
Description 
MIL-Drawlng 
Status·· 


PLHS 18P8IBRA 
PAL 
20DIP3 
5962--872801RA 
A 


PLHS18P8IBSA 
PAL 
20FLAT 
NA 
NA 
5962--872801SA 
A 


PLHS501/BXA 
GATE ARRAY 
64DIP9 
NA 
NA 
PLANNED 


PLS159A 
PLS 
20DIP3 
NA 
NA 
PLANNED 
NA 


PLUS16L8/BRA 
PAL 
20DIP3 
NA 
NA 
5962--8515509RA 
A 


PLUS 16L8/BSA 
PAL 
20FLAT 
NA 
NA 
5962--8515509SA 
A 


PLUS16L8/B2A 
PAL 
20LLCC 
NA 
NA 
5962--85155092A 
A 


PLUS16R8IBRA 
PAL 
20DIP3 
NA 
NA 
5962--8515510RA 
A 


PLUS16R8IBSA 
PAL 
20FLAT 
NA 
NA 
5962--8515510SA 
A 


PLUS16R8IB2A 
PAL 
20LLCC 
NA 
NA 
5962--85155102A 
A 


PLUS2OL8/BLA 
PAL 
24DIP3 
NA 
NA 
5962--8767105LA 
A 


PLUS2OL811BKA 
PAL 
24FLAT 
NA 
NA 
5962--8767105KA 
A 


PLUS2OL8/B3A 
PAL 
28LLCC 
NA 
NA 
5962--87671053A 
A 


PLUS2OR8IBLA 
PAL 
24DIP3 
NA 
NA 
5962--87671 06LA 
A 


PLUS2OR8IBKA 
PAL 
24FLAT 
NA 
NA 
5962--8767106KA 
A 


PLUS2OR8IB3A 
PAL 
28LLCC 
NA 
NA 
5962--87671063A 
A 


PLUS405lBXA 
PLS 
28DIP6 
NA 
NA 
PLANNED 
NA 


PLUS405lBYA 
PLS 
28FLAT 
NA 
NA 
PLANNED 
NA 


PLUS405lB3A 
PLS 
28LLCC 
NA 
PLANNED 
NA 


PLS167/BLA 
PLS 
24DIP3 
NA 
PLANNED 
NA 


PLS1681BLA 
PLS 
24DIP3 
NA 
PLANNED 
NA 


PLS1731BLA 
PLA 
24DIP3 
NA 
5962--8850402LA 
A 


PLS179/BLA 
PLS 
24DIP3 
NA 
NA 
5962--8850701 LA 
A 


PLHS473 
PLA 
24DIP3 
NA 
NA 
PLANNED 
NA 


82S100/BXA 
PLA 
28DIP6 
50202 
A 
NA 


82S100lBYA 
PLA 
28FLAT 
50202 
NA 
NA 


82S100/B3A 
PLA 
28LLCC 
50202 
NA 
NA 


82S101/BXA 
PLA 
28DIP6 
50201 
A 
NA 


82S101/BYA 
PLA 
28FLAT 
50201 
NA 
NA 


82S101/B3A 
PLA 
28LLCC 
50201 
NA 
NA 


82S105lBXA 
PLS 
28DIP6 
NA 
NA 
5962--8670901XA 
A 


82S105lBYA 
PLS 
28FLAT 
NA 
NA 
5962--8670901 YA 
A 


82S105lB3A 
PLS 
28LLCC 
NA 
NA 
5962--86709013A 
A 


82S 153A1BRA 
PLA 
20DIP3 
NA 
NA 
5962--8768201 RA 
A 


82S 153A1BSA 
PLA 
20FLAT 
NA 
NA 
5962--8768201 SA 
A 


82S153A/B2A 
PLA 
20LLCC 
NA 
NA 
5962--87682012A 
A 


• 
Not available as a Class B standard product. See M38510 and/or Military Drawing columns for availability 


•• A = available, NA = not available, IP = in process, call for availability. 


Signetics 
Section 8 
Development Software 


INDEX 
AMAZE - Automatic 
Map and Zap Equations 
Design 
Software 
421 


SNAP - Synthesis 
Nellist 
Analysis 
and Program 
Software 
425 


SNAP 
Data Sheet 
427 


Device 
Programmer 
Reference 
Guide 
429 


Signetics 


SOFTWARE 
SUPPORT 
FOR 


USER PROGRAMMABLE 
LOGIC 


Computer Aided Design (CAD) support is 
becoming necessary to address the time- 
consuming details required by the more 
complex 
programmable 
logic 
devices 


available today. The design effort can in- 
clude the manipulation of Boolean equa- 
tion, 
truth 
tables, 
state 
diagrams, 
flowcharts etc., to create the binary fuse 
map required to program such devices. 


For many years, design engineers have 
used programmable read-only memories 
(PROMs) to replace conventional logic. 
The architecture of the PROM can be de- 
scribed as a programmable logic device 
containing a fixed AND array followed by 
a programmable 
OR array. The fixed 


structure of the PROM requires a full 
assignment of output words to be pro- 
grammed for every input combination. 
Therefore, 
little use can be made of 


programmable logic software programs 
for logic minimization or other compiling 
efforts when using PROMs. 


Signetics Programmable Logic Devices 
are the most advanced approach to solv- 
ing the inherent limitations of PROMs. 
Their architecture consists of a program- 
mable 
AND array, followed by a pro- 


grammable OR array - with the addition 
of a programmable 
invert function for 


flexible output control. 


AMAZE 
Programmable 
Logic 
Development Software 


A Signetics PLD device can implement 
any set of Boolean expressions, provided 
thatthey arefirst put intothe standard sum 
olthe products form. The logicalANDs are 
implemented at the first gate level of the 
programmable logicdevice andthe logical 
ORs are implemented by the second gate 
level within the PLD. The only limitations 
on the expressions are those imposed by 
the numberof inputs, outputs, and internal 
product terms provided by the particular 
PLD circuit selected. The efficiency of im- 
plementing the set of equations can be 
increased significantly by applying De- 
Morgan's theorem, and utilizing the pro- 
grammable invertfunction on each output. 


Ifthere seems to be too few product terms 
to handle a relatively large equation set, 
one of several minimization methods can 
be pursued. 


The probability of reducing such equa- 
tions to manageable size is enhanced 
through the flexibility of shared AND terms 
for each output function, the accessibility 
of all AND terms to each output, and hav- 
ing a programmable invert function on 
each output. All of these features can be 
utilized by applying the manual manipula- 
tion of Venn Diagrams or Karnaugh Maps. 
However, the time and effort to accom- 
plish these tasks as well as document the 
effort for procurement specification pur- 
poses increase the need and desire to 


have software programs to automatically 
perform such manipulations. 


Many types of software programs are be- 
ing developed to provide this assistance 
for operation on a wide range of computer 
hardware. This list of software is expand- 
ing rapidly, consisting of both Signetics 
generated software and some indepen- 
dent software houses' contributions. 


This discussion is intended to outline the 
Signetics developed software program 
called AMAZE (Automatic Map And Zap 
Equation Entry). The AMAZE software 
program currently consists of five mod- 
ules, BLAST ('Boolean Logic And State 
Transfer' entry program), PTP ('PAL To 
PLD' conversion program), DPt ('Device 
Programmer Interface' 
program), 
PLD 


SIM ('PLD Simulator' program) and the 
PTE ('Program Table Editor' program). 
Other modules will be added when prod- 
uct developments require additional soft- 
ware tools. 


If must be noted that the AMAZE program 
is not by any means the total extent of soft- 
ware available for use in designing with 
PLD 
(Programmable 
Logic 
Devices). 


Several other commercially available PLD 
Design 
Software 
packages 
support 


Signetics' PLD product line. Please con- 
tact your local Signetics representative for 
the latest word on the most currently avail- 
able software. 


Description 
The AMAZE software program Automatic Map 
And Zap Equation Entry software, consists of 
the following five modules: 


• BLAST ('Boolean Logic And State 
Transfer' entry program) 


• PTE (,Program Table Editor') 


• PTP ('PAL To PLD' conversion program) 


• DPI ('Device Programmer Interface' 
program) 


• PLD SIM ('PLD Simulator' program) 


Each module performs specific tasks as out- 
lined in the following section. 


Features 


• Multiple 
modules 
allowing 
expansion 
for future requirements 


• Each module designed 
to be user 


friendly 


• Both HELP and ERROR messages 


• Document 
printout: 
Header, Pin 
diagram, 
Boolean equation 
and Fuse 
map 


• Interface with most commercial 
programmers 


• SIMULATOR programs 
provide 
applications 
assistance 
and Automatic 
Test Vector Generation 


EqUipment 
Requirements 
(for 
Version 
1.8) 


• Platform 
1: IBM-PC, XT, AT, PS-2 and 
compatibles 


- 
Memory: Minimum 
of 640K by1es 


- 
Operating 
system: 
PC-DOS version 
2.1 or higher 


- 
Disk Drive: One hard disk drive and 
one double sided floppy disk drive 


Products 
Supported 
AMAZE 
Version 
1.8 supports 
the following 


products: 


2~in 
PLDs 


PHD16N8 
PLC18V8Z11 
PLHS 16L8A1B 
PLHS 18P8A1B 
PLSl53 
PLSl53A 
PLUSl53B 
PLUSl53D 
PLUS16L8 
PLUS16R4 
PLUS16R6 
PLUS16R8 
PLS155 
PLS157 
PLS159A 


24-Pin 
PLDs 


PLC42VA12 
PLHS473 
PLS167 
PLS167A 
PLSl68 
PLS168A 
PLS173 
PLS179 
PLUS20L8 
PLUS20R4 
PLUS20R6 
PLUS20R8 
PLUS173B 
PLUS173D 
1OH20EV8Il 0020EV8 


28-Pln 
PLDs 


PLC415 
PLS100 
PLS101 
PLS105/A 
PLUS 105--40 
PLUS405 


52-Pin 
PLDs 


PLHS501 


BLAST 
Boolean Logic And State Transfer program is 
a menu driven software package that supports 
the engineer in implementing logic designs into 
Signetics 
Programmable 
Logic 
Devices. 
It 


checks desig ndata and automatically compiles 
a program table from Boolean and State Ma- 
chine equations. Data from the program table 
is then used to produce a Standard File which 
contains the fusing codes in a form acceptable 
to all the AMAZE modules (i.e., PLD-SIM and 
DPI). 


BLAST reports the logic and syntax errors, and 
lists the equations in a Sum of Products form, 
which can help the userto minimize the entered 
logic equations. 
It will automatically 
partition 


State machine designs into specified devices, 
and then delete redundant terms during compi- 
lation. 


BLAST also provides the capability of modify- 
ing a current logic set programmed into a de- 
vice by overlaying new data onto unused fuses. 


BOOLEAN 
LOGIC AND STATE 


TRANSFER 
FEATURES 


• User friendly 
Interactive 
pin list editor 


• Boolean equation 
or state vector entry 


• Schematic 
entry (with external 


schematic 
capture package)" 


• On-line error checking, 
minimization, 
and design overlay 


• Capable of partitioning 
single designs 


Into multiple 
PLDs 


• Supports 
all Slgnetlca 
PLDs and PLEs 


• User definable 
device flies for support 


of PALs and other PLD devices 


PTE 
Program Table Entry is an interactive editor 
which allows the logic designer to enter data 
into 
AMAZE 
in 
the 
form 
of 
SIGNETICS 
APPROVED 
PROGRAM 
TABLES. 
Each 
Signetics 
PLD data sheet has the program 
table format which applies to that device. In 
addition, PTE can be used to document com- 
pleted designs and to make changes in logic 
functions which have been previously defined 
in the BLAST module. 


PROGRAM 
TABLE 
EDITOR 
FEATURES 


• Allows easy creation 
and editing of new 
and existing 
PLD designs 


• Truth-table 
representation 
of PLD 
fusemap 
In HighJLow 
format 


• On-line editor provides 
automatic 
cursor control 
and prevents 
syntax 
errors 


• On-line help screen and print facility 


• Operates on standard 
PLD fusemap 
flies 


PTP 
PAL To PLD is a conversion program to allow 
easy transfer of the various 
PAL 20- 
and 
24--pin circuits to the Signetics PLD 2Q- and 
24-pin series devices. 


PTP can automatically upload the PAL pallern 
from a Commerical programmer, convert the 
pattern into a PLD pallern, and then download 
the PLD pallern into the programmer. The PAL 
pattern and it's corresponding PLD pallern are 
documented, 
and the PLD pallern 
can be 
directed to other AMAZE modules. 


PTP can also convert the PAL fuse file in a 
HEXPLOT format. 


PAL- TO-PLD 
CONVERSION 
FEATURES 


• Menu-driven 
fusemap 
conversion 
of 20- 


and 24;>ln 
PAL devices 
to pin and 
functional 
equivalent 
Signetics 
PLDs 
and PAL-type devices 


• Automatic 
assembler 
removes 
duplicated 
p-terms providing 
efficient 
PLD mapping 
(PLD conversions 
only) 


• Accepts 
JEDEC, fuseplot 
files or direct 
PAL master Input via commercial 
PLD 
programmer 


• User selectable 
RS-232 programmable 
Interface parameters 


• Provides fusemap 
conversion 
documentation 


• Generates 
standard 
PLD fusernap files 


compatible 
with other AMAZE modulea 


The PTP module supports the conversion of 
the following device types: 


PLS153 
10HB, 10LB, 12H6, 12L6, 


PLHS1BPB 
14H4, 14L4, 16H2, 16L2, 
16Cl, 16HB, 16LB, 16PB 


PLS155 
16R4 


PLS157 
16R6 


PLS159 
16RB 


PLS173 
14LB, 16L6, lBL4, 2OC1, 
20L2,20LB 


PLS173 
12L10, 2OL10 


PLS179 
20RB 


Signetics also provides a stand-alone version 
of the PTP module, SimPal, which supports the 
conversion of PALdevice fuse maps into equiv- 
alent Signetics PAL-type PLDs. 


DPI 
Device Programmer Interface is the software 
module that provides the interface between the 
Standard File created by the AMAZE modules 
and a commercial 
programmer. This module 
allows both download (sending from host to 
programmer) and upload (sending from pro- 
grammer into the host) operations. 


OPI supports both JEOEC and Signetics High/ 
Low formats to convey fusing information to 
and from several commercial programmers. 


DEVICE 
PROGRAMMER 


INTERFACE 
FEATURES 


• Supports 
standard 
JEDEC and 
Signetics 
High/Low 
fusemap 
file 


formats 


• RS-232 Interface 
to commercial 
PlD 


programmers 


• Screen menus for easy upload and 
download 
of fusemaps 


• User selectable 
RS-232 parameters 
for 
programmer 
flexibility 


• Test vectors automatically 
transferred 
to programmer 
along with fusemap 
file 


• Operates with standard 
PlD fusemap 
flies 


PLD SIMULATOR 
The PlD 
Simulator 
program is a software 
package that simulates the operation of the 
logic that has been defined for Signetics PlO 
products. The input to the program is the Stan- 
dard File generated by other AMAZE modules. 
The simulator has the capability of running 
manually or automatically. 
In the automatic 
mode the simulator creates a file of test vectors 


that can be used to test the programmed 
devices. In the manual mode the program will 
allow the operator to assign an input vector and 
observe the resultant output. 


PLD FUNCTIONAL 
SIMULATOR 
FEATURES 


• Functional 
simulation 
of designs 
created form equations, 
program 
lables 


or existing 
programmed 
devices 


• Automatic 
test vector generation 
from 


standard 
or JEDEC PlD fusemap 
files 


• Interactive 
keyboard 
entry or batch file 
Input of test vectors 


• Detects Illegal State Machine transitions 


and flags affected 
p-Ierms 


• On-line help screen 


Signetics 
SNAP 
Programmable Logic 
Development Software 


INTRODUCTION 
Philips 
Components-Signetics 
SNAP 


software is designed to provide the pre- 
cise tools needed to complete a PLD de- 


sign. The initial offering is depicted in 
Figure 1.1. This chart depicts the recom- 
mended sequence of operations for com- 
pleting a Programmable 
Macro Logic 


(PML) design. While other sequences 
may be used, the first-time user will most 
likely obtain the best results by following 
steps 1-9. 


+-'''$-. 
I"T 


====Sl=M=P=R=T====I~ 
PLOT 
I 


• 


(9) I~ 
DPI__ 
~ 


Step 1 
Step [1], ScCAPTURE, is the design entry. This 
may be accomplished in a number of ways, but 
the most popular today is schematic capture. 


SNAP supports OrCADISDT IWM and SNAP- 


DASHTMfrom FutureNet. Current methods of 
entry include Boolean equations, state equa- 
tions, timing waveforms 
and manual netlist 


editing. The goal of Step 1 is to create a netlist 
description of a logic design which can be un- 
derstood by the rest of SNAP. 


Step 2 
Step [2], NETGEN, is essentially automatic in 
that all netlistgeneration or conversion mustbe 
in a consistent format. The converted netlist is 
EDIF1.0 compatible. 


Step 3 
Step [3], MERGER, allows design pieces from 
different inputs to merge into a single netlist 
description. In theory, one section could be in- 
put by schematic capture, another by Boolean 
equation and another by state equation, etc. A 
composite nellist for all of these would be the 
output of MERGER. 


Step 4 
Step [4], SIMNET, is the preferred next step- 


to verify the design by simulation. The bold de- 
signer could proceed to Step 8 and a final 
device, but if any problem occurs, Step 4 must 
be used to debug. In SIMNET, a binary format 
of the design will be generated for the logic and 
fault simulators. During this step the original 
nellist is translated into simulator primitives. 


Step 5 
Step [5J, SIMSCL, reads the input vector (sti- 
muli 
description), 
loads 
the 
network 
into 
memory and executes the logic/timing simula- 
tion. SIMFLT is an alternate simulation that 
gives a fault coverage assessment of the simu- 
lation. This tells the designer (in numbers) just 
how rigorous the simulation testing of the circuit 
is. A complete fault reprot is generated. 


Step 6 
Step[6], PLOT, allows a waveform display of 
selected nodes within the design so that its 
creator may observe the circuits modeled be- 
havior. 


Step 7 
Step[7], SIMPRT, produces hardcopy of the 
various simulation reports for documentation. 


The designer should iterate through Steps 4 - 
7 until satisfied that correct operation is occur- 


ring. Only if it is should the designer proceed 
to Step 8. 


Up to this point, the design is not bound to a 
specific Signetics part. In fact, the design could 
span multiple parts, or be migrated from one 
PLD to another, with only small effort. 


Step 8 
Step [8], COMPILER, is where the target part 
is chosen and a fuse table produced. The fuse 
table can then be manually edited or pro- 
grammed into a part, as the designer chooses. 
However, one last action can help guarantee a 
successful final design: Post-<Xlmpiled model 
generation. 


Step 9 
Step [9], MODGEN, takes the fusemap from 
the selected part and outputs a simulation mod- 
el that reflects the precise models ofthe internal 
logic for the target PLD. Once this is done, 
Steps 5 - 7 may be repeated to verify conclu- 
sively that the design will work. If a problem is 
found, the designer 
may edit to debug the 


design. The final compilation will yield a pro- 
grammed part that meets the designer's simu- 
lated specifications. 


Signetics 


FEATURES 


• Schematic 
entry 
available 
using 


Data 1/0 SNAP-DASH"" 
or 


OrCAD 
SOT IUT'" 


• State 
equation 
entry 


• Boolean 
equation 
entry 


• Netlist 
entry 


• Capability 
to design 
In one 
or any 


combination 
of formats 


• Device 
Independent, 
netllst 
based 
design 
platform 


• Full support 
for the 
PML product 


line 


• Philips 
LESIM 
5-State 
gate 
array 
simulator: 


- 
Logic 
and 
fault 
simulation 


- 
Model 
extraction 
and timing 
sim- 
ulation 


- 
Synthetic 
logic 
analyzer 
format 


- 
Stimuli 
entry 
In waveform 
format 


• Freezing 
of selected 
Critical 
paths 


• Cell 
library 
for 
PML functions 


• Capability 
to create 
user 
defined 
macros 


• Full documentation 
of design 
and 


simulation 
results 
In waveform 
for- 
mat 


• JEDEC 
fusemap 
complier 
and 
device 
programmer 
Interface 


GENERAL 
DESCRIPTION 
Signetics 
SNAP 
(Synthesis 
Netlist 
Analysis 
& Program) 
software 
has been 
developed 
to support 
the Signetics 
PLD 
product 
line. This 
release 
of SNAP 
(Ver- 
sion 1.2) supports 
the PML family 
of pro- 
grammable 
logic devices. 
Future versions 


of SNAP 
will support 
additional 
PLD de- 


vices until the full product 
line is covered. 


SNAP 
Version 1.2 


The software 
gives freedom 
to design 
in- 
dependently 
of the 
device 
architecture. 
This allows for shifting 
the design 
among 
a family of PLD devices. 
SNAP can handle 
a variety 
of design 
entry 
formats: 
sche- 


matics. 
Boolean 
equations, 
state 
equa- 
tions. 
waveforms'. 
and 
netlists 
in any 
combination. 
The 
SNAP 
environment 
is 
familiar 
to 
logic 
designers 
who 
have 
worked 
with any type of PLD or gate array 
development 
software. 
Since the software 
is nellist 
based. 
it overcomes 
the limita- 
tions 
facing 
conventional 
PLD 
develop- 


ment software. 


Figure 
1 shows 
the SNAP 
Shell. The top 
part of the shell indicates 
the paths avail- 


able for entering 
the design. 
The user can 
enter a design 
using any single method 
or 
any combination 
of methods. 
Thus. func- 
tions can be described 
in the most appro- 
priate 
terms. 
For 
instance. 
schematics 
may be the best way of describing 
a shift 
register. 
and logic equations 
may be the 
optimum 
way 
for describing 
a decoder. 
Additionally, 
these designs 
can be united 
with a multiplexer. 
which is described 
by a 
netlist. Then SNAP merges the inputs into 


a 
high-level 
nellist 
for 
simulation 
and 
compilation 
into a JEDEC 
standard 
fuse 
map. 
For 
future 
universal 
workstation 


compatibility. 
the 
software 
supports 
the 
standard 
ED IF interface. 


Simulator 
SNAP 
incorporates 
Philips' 
5-State 
gate 


array simulator, 
and provides 
the capabili- 
ties 
of full timing 
simulation, 
setup 
and 
hold-time 
checking. 
as well as toggle and 
fauh grade 
analysis. 
The simulator 
is ca- 


pable of displaying 
any set of nodes within 
a design 
in a wide range of formats. 
Using 
a synthetic 
logic 
analyzer 
the 
user 
can 


• Under development for future releases. 


SNAP-DASH 
is a trademark of Data I/O Corporation 


OrCAD STD III is a trademark of Or/CAD, Inc. 
IBM is a registered trademark of International Business Machines Corporation. 


zero in on a specific 
area. Simulations 
can 


occur with unit delays. 
estimations, 
or ex- 
act delays. 
The test 
vectors 
can be en- 


tered 
in waveform 
or 'H' and 'L' format. 


In order to provide 
accurate 
timing 
analy- 


sis. SNAP 
calculates 
the final timing 
val- 


ues as determined 
from the additive 
delay 


of each gate and 1/0 macro 
in a path. To 
assure the reliability 
of a design. 
the fauh 
simulator 
determines 
the fauh grade 
level 


and 
undetectable 
faults. 
This 
resuhs 
in 
simulation 
data that 
conforms 
exactly 
to 
the characteristics 
of the actual device. 


Compiler/Optimizer 
SNAP 
also contains 
a fusemap 
compiler 


and model generator. 
The model genera- 


tor extracts 
and creates 
the timing 
models 


of the specified 
device. 
These 
models 
are 


generated 
for timing 
and fault simulation. 


The compiler 
is also capable 
of optimizing 


the device 
to the architecture 
of the PLD 
selected 
for the design. 
For example. 
ij a 


flip-flop 
macro 
is selected, 
the optimizer 
will design the macro from NAND gates for 
the PLHS501 
(which lacks die-based 
flip- 


flops). Alternatively. 
an internal 
die-based 


flip-flop 
is used for a device with flip-flops 
such as the PLHS502. 
The software 
con- 
tains 
extensive 
syntax 
and 
logic 
error 


checking. 
and allows for documentation 
of 


the design 
and simulation 
resuhs. 


HARDWARE 
SPECIFICATIONS 


• IBM® 
Personal 
SystemI2T 
•••• IBM PCI 


XT/AT, 
or compatibles 


• DOS 2.1 or higher 


• Minimum 
of 640K bytes of RAM 


• 5.25" or 3.5" double-sided. 
double- 


density 
disk drive. 
and a hard drive. 
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DESCRIPTION 
ORDER CODE 


SNAP 
SNAP12 
MSC 


SNAP + OrCAD SDT III 
SNAPOR12 
MSC 


SNAP + SNAP-DASH 
SNAPDSH12 
MSC 


Signetics 
PLD Programmer 
Reference Guide 


Data I/O Corporation 
10524 Willows Road, N.E. 
Redmond, Washington 98073-9746 
Telephone Number; (800) 247-6700 


MODEL29B 
UNISITE 
MODEL 60 


TYPE 
SIGNETICS 
DEVICE 
ADAPTER REVISION 
SYSTEM 
ADAPTER 
SYSTEM 
ADAPTER REVISION 


PART NUMBER 
CODE 
REVISION 
REVISION 
REVISION 


DIP 
PLCC 
DIP 
PLCC 
DIP 
PLCC 


PHD 
PHD16N8 
TBD 
303A-{)11 A;Vl1 
TBD 
V2.8 
TBD 
V15 
TBD 
TBD 


ECL 
1OWl 0020EV8 
14013B 
-------- 
-------- 
V2.7 
CPSITE;V2.7 
-- 
----- 
----- 


PAL 
PLC16V8 
863B 
303A-{)11 A;V05 
303A-{)11B;V03 
V2.1 
CPSITE;V2.4 
TBD 
TBD 
TBD 


PAL 
PLC18V8Z 
864F 
303A-{)11 A;VfYiJ 
303A-{)11 B;V04 
V2.5 
TBD 
V15 
TBD 
TBD 


PAL 
PLC20V8 
864E 
303A-{)11 A;VOO 
303A-{)11 B;V03 
V2.1 
CPSITE;V2.4 
TBD 
TBD 
TBD 


PAL 
PLHSl6L8 
lA17 
303A-{)12;V02 
-------- 
V2.1 
CPSITE;V2.1 
-- 
----- 
----- 


PAL 
PLHS16L8 
3017 
303A-{)11 A;VfYiJ 
303A-{)11B;V04 
-- 
------- 
V14 
360AOOl 
360A006 


PAL 
PLHS18P8 
lA33 
303A-{)12;VOl 
-------- 
V2.1 
CPSITE;V2.1 
-- 
----- 
----- 


PAL 
PLHS18P8 
3033 
303A-{)11A;VfYiJ 
303A-<>11B;V04 
-- 
------- 
V14 
360AOOl 
360A006 


PAL 
PLUSl6L8 
lB17 
303A-{)11A;Voa 
303A-{)11B;V04 
V2.3 
CPSITE;V2.5 
V14 
360AOOl 
360A006 


PAL 
PLUSl6R8IR6iR4 
lB24 
303A-{)11A;Voa 
303A-{)11B;V04 
V2.3 
CPSITE;V2.5 
V14 
360AOOl 
360A006 


PAL 
PLUS20L8 
lB26 
303A-{)11 A;Voa 
303A-{)11 B;V04 
V2.3 
CPSITE;V2.5 
V14 
360AOOl 
360A006 


PAL 
PLUS20R81R6,1'l4 
lB27 
303A-{)11 A;Voa 
303A-{)ll 
B;V04 
V2.3 
CPSITE;V2.5 
V14 
360AOOl 
360AOO6 


PLA 
PLCl53 
8665 
303A-{)11 A;VOS 
303A-{)11 B;V03 
V2.1 
CPSITE;V2.4 
TBD 
TBD 
TBD 


PLA 
PLC473 
8678 
303A-{)11 A;V02 
303A-{)11 B;V03 
V2.l 
CPSITE;V2.4 
TBD 
TBD 
TBD 


PLA 
PLHSl53 
lAGS 
303A-{)12;V02 
-------- 
V2.1 
CPSITE;V2.5 
-- 
----- 
----- 


PLA 
PLHS473 
lA78 
303A-{)12;V02 
-------- 
V2.2 
CPSITE;V2.4 
-- 
----- 
----- 
PLA 
PLS10011 
9601 
303A-{)01 ;V01 
-------- 
-- 
------- 
-- 
----- 
----- 


PLA 
PLS10011 
9661 
303A-{)Ol ;VOS 
-------- 
V2.2 
CPSITE;V2.2 
VOl 
360AOO3 
----- 


PLA 
PLSl53/A 
9665 
303A-{) 11A;V02 
303A-{)11 B;V02 
Vl.5 
------- 
VOl 
360AOO2 
A ONLY 


PLA 
PLSl53/A 
9665 
303A-<lOl ;VOS 
303A-{)11 B;V02 
Vl.5 
CPSITE;Vl.5 
V12 
360A009 
A ONLY 


PLA 
PLSl73 
9676 
303A-{)11A;V02 
303A-<>ll B;V02 
Vl.7 
------- 
voa 
360AOO2 
----- 


PLA 
PLSl73 
9676 
303A-<lOl ;VOO 
303A-{)11B;V02 
V1.7 
CPSITE ;V1.7 
V12 
----- 
360A009 


PLA 
PLUSl53B 
1865 
303A-{)11 A;V07 
303A-{)11 B;V03 
V2.3 
CPSITE;V2.3 
V14 
360AOO2 
360A009 


PLA 
PLUSl73B 
lB76 
303A-{)ll 
A;V07 
303A-{)11 B;V03 
V2.3 
CPSITE;V2.3 
V14 
360AOO2 
360A009 


PLS 
PLC415 
86M 
303A-{)11A;Vl0 
303A-{)11B;V04 
V2.6 
TBD 
TBD 
TBD 
TBD 


PLS 
PLS10S/A 
9603 
303A-{)ll 
A;V02 
303A-{)11B;V02 
Vl.5 
------- 
VOl 
360AOO3 
A ONLY 


PLS 
PLS10S/A 
9603 
303A-{)01 ;VOl 
303A-{)llB;V02 
-- 
------- 
-- 
----- 
----- 


PLS 
PLS105/A 
9663 
303A-{)01 ;V05 
303A-{)11B;V02 
Vl.5 
------- 
VOl 
360AOO3 
----- 


PLS 
PLS105/A 
9663 
303A-{)11 A;V02 
303A-{)ll 
B;V02 
V1.5 
CPSITE;V1.5 
V12 
----- 
36OAOOS 


PLS 
PLUS105-40 
1863 
303A-{)11 A;VfYiJ 
303A-{)11 B;V04 
V2.5 
TBD 
-- 
----- 
----- 
PLS 
PLSl55 
9667 
303A-{)11 A;V02 
303A-{)11 B;V02 
Vl.5 
------- 
VOl 
360AOO2 
----- 
PLS 
PLSl55 
9667 
303A-{)01 ;VOS 
303A-{)11 B;V02 
V1.5 
CPSITE;Vl.5 
V12 
----- 
360A009 


PLS 
PLS157 
9668 
303A-{)01 ;VOS 
303A-{)ll 
B;V02 
V1.5 
------- 
V13 
360AOO2 
----- 


PLS 
PLS157 
9668 
303A-{)11 A;V02 
303A-{)11B;V02 
Vl.5 
CPSITE;Vl.5 
V13 
----- 
'J£IJA009 


PLS 
PLC42VA12 
868A 
TBD 
TBD 
V2.7 
TBD 
V15 
TBD 
T80 


PLS 
PLS159A 
6466 
303A-<>11A;V02 
303A-<>ll B;V02 
V2.4 
CPSITE;V2.4 
V12 
360AOO2 
'J£IJA009 


PLS 
PLS159A 
6466 
-------- 
-------- 
V2.4 
------- 
-- 
----- 
----- 
PLS 
PLS167/A 
9660 
303A-{)11 A;V02 
303A-{)11B;V02 
V1.5 
CPSITE ;Vl .5 
VOS 
360AOO2 
----- 


Data I/O Corporation 
10524 Willows Road, N.E. 
Redmond. Washington 98073-9746 
Telephone Number: (800) 247-5700 


MODEL29B 
UNlSlTE 
MODEL 60 


TYPE 
SIGNETICS 
DEVICE 
ADAPTER REVISION 
SYSTEM 
ADAPTER 
SYSTEM 
ADAPTER REVISION 


PART NUMBER 
CODE 
REVISION 
REVISION 
REVISION 


DIP 
PLCC 
DIP 
PLCC 
DIP 
PLCC 


PLS 
PLS167/A 
9660 
-------- 
-------- 
-- 
------- 
V12 
----- 
360A009 


PLS 
PLSl681A 
9674 
303Mlll 
A:V02 
303A-ol1B;V02 
V1.5 
CPSITE;V1.5 
V05 
360AOO2 
----- 


PLS 
PLSl681A 
9674 
303A-001 ;V06 
-------- 
-- 
------- 
V12 
----- 
360A009 


PLS 
PLSl79 
96n 
303A-ol1 A;V02 
303A-ol1 B;V02 
V2.4 
CPSITE;V2.4 
TBD 
TBD 
TBD 


PLS 
PLUS405 
lB79 
303A-ol1A;V07 
303A-ollB;V04 
V2.6 
CPSITE;V2.6 
TBD 
TBD 
TBD 


PML 
PLHS501 
1002 
-------- 
-------- 
-- 
CPSITE;V1.7 
-- 
----- 
----- 


PML 
PLHS502 
01C05E 
-------- 
-------- 
V2.4 
... 
-- 
----- 
----- 


PML 
PML2552 
TBD 
-------- 
-------- 
V2.8 
.... 
-- 
----- 
----- 


NOTES: 
t. 
The software and hardware revisions listed are the first revisions released. All following revisions maintain support. 


2. 
FOR UNISITE USERS ONLY: Family codes listed above (the first two digits) must be preceeded with a "0· for PLCC packages. 


Pin codes listed above (the last two digits) must be preceeded with a '"]" for PLCC packages. 


3. 
"'Needs 
a 4O-Pin DIP to 68-Pin PLCC adaptor available from 
Emulation Technology 
Part Number: A5-{;S-40-01P~ 


•••·Needs a 4O-Pin DIP to 68-Pin PLCC adaptor that is available from 
Emulation Technology. 
Part Number: 
AS-68--4()...{)4P~ 


EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Blvd. D 
Santa Clara, California 95051 
Telephone No. 
(408) 982-{)660 
Fax. No. 
(408) 982-{)664 


4. 
DEVICE CODE: 
XXYV 
XX = FAMILY CODE 
YY= 
PIN CODE 


Western Area: 
1600 Waytt Drive, Suite 3 
Santa Clara, CA 95054 
(408)988-1118 


Eastern Area: 
3 Northern Blvd., Suite B4 
Amherst, NH O303t 
(603) 673-4380 


DEVICE CODES 
MODELZL30 
MODELZL30A 
MODEL PPZ: ZM2200 


SIGNETlCS 
FAMILY 
PIN 
(DIP ONLY) 
DIP 
PLCC 
DIP 
PLCC 
PART NUMBER 
CODES 
CODES 


PHD--TYPE DEVICES 


PH016N8 
30A36 
30A36 
30A 
TBA 


ECL-TYPE 
DEVICES 


1OH/l 0020EV8 
30A36 
TBA 
TBA 
TBA 


PAL-TYPE DEVICES 


PLC16V8 
12 
154 
30A27 
30A27 
30A001 
30 


PLC18V8Z 
12 
205 
30A34 
30A34 
30AOOl 
TBA 


PLC20V8 
12 
155 
30A29 
30A29 
30A001 
TBA 


PLHS16L8 AlB 
10 
029 
N/A 
30A29' 
30Al0l 
TBA 


PLHS18P8 AlB 
10 
10 
N/A 
30A23' 
30Al0l 
29 


PLUS20L8 0/7 
11 
56 
30A31 
30A31 
30AOOl 
TBA 


PLUS20R8 0/7 
11 
57 
30A31 
30A31 
30AOOl 
TBA 


PLUS20R60/7 
11 
58 
30A31 
30A31 
30AOOl 
TBA 


PLUS20R4 0/7 
11 
59 
30A31 
30A31 
30AOOl 
TBA 


PLUS16L8 0/7 
11 
29 
30A31 
30A31 
30AOOl 
TBA 


PLUS16R80/7 
11 
30 
30A31 
30A31 
30AOOl 
TBA 


PLUS16R60/7 
11 
31 
30A31 
30A31 
30AOOl 
TBA 


PLUS16R40/7 
11 
32 
30A31 
30A31 
30AOOl 
TBA 
SOCKET 
PLA DEVICES 


PLS100/l0l 
13 
00 
30AOl 
30A01 
30AOOl 
17 


PLCl53 
12 
05 
30A27 
30A27 
30AOOl 
34 
ADAPTORS 
PLSl53/153A 
14 
05 
30AOl 
30A01 
30AOOl 
17 


PLHSl53 
10 
05 
N/A 
30A2r 
30A101 
34 


PLUSl53 
BID 
11 
05 
30A27 
30A27 
30AOOl 
34 
ARE 


PLS173 
15 
96 
30AOl 
30AOl 
TBA 
23 


PLUS173 BID 
11 
96 
30A31 
30A31 
TBA 
TBA 


PLC473 
12 
132 
30A24 
30A24 
30A001 
32 
REQUIRED 
PLHS473 
10 
132 
N/A 
30A2r 
30Al01 
30 


PLS DEVICES 
PLSl 05/1 05A 
13 
02 
30A01 
30AOl 
30A001 
17 
PLUS105-40 
11 
02 
30A34 
30A34 
30A001 
TBA 


PLC415 
12 
177 
30A34 
30A34 
30A001 
TBA 


PLC42VA12 
12 
197 
30A34 
30A34 
30A001 
TBA 


PLS155 
14 
06 
30AOl 
30A01 
30AOOl 
17 


PLS157 
14 
07 
30AOl 
30A01 
30AOOl 
17 


PLS159A 
13 
08 
30A25 
30A25 
30AOOl 
27 


PLS167/167A 
15 
91 
30AOl 
30A01 
30AOOl 
TBA 


PLSl68/168A 
15 
97 
30AOl 
30A01 
30AOOl 
23 


PLS179 
15 
130 
30A27 
30A27 
30AOOl 
24 


PLUS405 
11 
138 
30A31 
30A31 
30A001 
TBA 


PML DEVICES 
PLHS501 
10 
133 
N/A 
30A22' 
30Al01 
----- 


PLHS502 
10 
189 
N/A 
---- 
30Al02 
----- 


NOTES: 
The software and hardware revisions listed are the earliest revisions that support these products. Later revisions can also be assumed to support 
these products. 


'Requires 3OA10l adaptor; includes PLCC support. 


Signetics 
Section 9 
Application Notes 


PLD Application 
Notes 
AN7 
Single Chip Muttiprocessor 
Arb~er 
435 
AN8 
Introduction 
to Signetics 
Programmable 
Logic 
447 
AN 11 
PLD Programmable 
Retriggerable 
One-Shot 
459 
AN14 
Latches and Flip-Flops 
with PLS153 
463 
AN15 
PLS159 Primer ...............................•..... 
476 
AN18 
Schm~t Trigger Using PLS1 53 and PLS159 
.........•.... 
487 


AN21 
9-B~ ParityGenerator/Checkerw~h 
PLS153/153A 
495 
AN23 
PLS168/168A 
Primer 
501 


AN24 
PLS173 as a 1o-Bit 
Comparator, 
74LS460 
514 
AN26 
PLHS18P8A 
Primer 
520 
AN27 
PLHS473 
Primer 
529 
AN28 
High-Speed 
12-Bit Tracking AID Converter 
Using PLS179 
.. 
537 


PML Application 
Notes 
AN29 
PLHS501 
Programmable 
Macro Logic Primer 
.......•..... 
547 


PLHS501 
Application 
Notes, 
Vol. 1 
Designing 
with 
Programmable 
Macro 
Logic 
Introduction 
to PML Design Concepts 
562 


Performance 
562 


NAND Gate Flip-flops 
569 
Functional 
Fit 
572 


Design Examples 
..............•......••............ 
575 
Successor 
Architectures 
580 


Support Issues 
581 


PLHS501 
Examples 
Using AMAZE 
Revision 
1.6 
582 


Simple Gate Implementations 
582 


8-Bit 
Barrel Shilter 
585 


12-Bit 
Comparator 
with Dual1-of-8 
Decoders 
591 
8-Bit 
Carry Look-Ahead 
Adder 
594 


32-to-5-Bit 
Priority Encoder 
597 


8-Bit 
Shift Register with Sequence 
Detector 
602 


4-Bit 
Synchronous 
Counter 
.....................•..... 
608 


PLHS501 
Application 
Notes, 
Vol. 2 
Designing 
with 
Programmable 
Macro 
Logic 
Introduction 
612 


PLHS501 
Review 
.......••.......................... 
613 


Flip-flop 
Basics ................•.......•........... 
615 


Notation 
615 
Flip-flop 
Merging 
..............................•... 
615 
VME Bus Examples 
.............................•... 
621 


Omnibyte 
VSBC20 
Mailbox 
Interrupt Structure 
621 
VME Bus EPROM 
Interface 
......................••... 
626 


Micro Channel 
Interface 
............•............•.... 
633 


NuBus Interface 
638 


Nuggets 
644 


Data Bus Parity 
..........•......................... 
644 


Data Bus Operations 
...........................•.... 
651 


PLHS502 
Application 
Notes, 
Vol. 1 
Designing 
with 
Programmable 
Macro 
Logic 
Introduction 
652 
Development 
Support 
654 


Capacity 
and Partitioning 
Considerations 
656 


Chapter 2 
Chapter 3 
Chapter 4 
ChapterS 
Chapter 6 


Chapter 
1 
Chapter 2 
Chapter 3 


ChapterS 
Chapter 6 
Chapter 7 


Chapter 
1 
Chapter 2 
Chapter 3 


Chapter 4 
State Machine Design 
657 


Chapter 5 
Additonal Design Guidelines 
668 


Chapter 6 
Additional PLHS502 Applications 
670 


Chapter 7 
Advanced Flip-Flop Merging 
689 


Programmable 
Logic 
Design 
and Application 
Notes 
Introduction 
691 


Acknowledgements ...................•......•....... 
691 
AMAZE Software 
......•............................ 
691 
Product Section Introduction 
691 


Chapter 1 
PLA Devices ..................•.................... 
692 


Signetics PLUS153D 
......................•......... 
692 


Signetics PLUS173D 
692 


The PLHS473 
692 


Chapter 2 
PAL-Type Devices 
696 


Signetics PLHS18P8B 
696 


The PLUS16L8D and -7 
698 


The PLUS16R8D and -7 
699 
The PLUS20L8D and -7 
700 


The PLUS20R8D and -7 
701 


The PLC18V8Z 
701 


Chapter 3 
Sequencer Devices 
703 


Introduction 
703 


State Equation Tutorial ...........................•... 
704 


The PLUS105 
704 


The PLS155 
707 


The PLS157 
708 


The PLS159A .............•........................ 
709 


The PLS167A .......•.............................. 
710 


The PLS168A 
711 


The PLS179 
712 


The PLUS405 
713 


Application Section Introduction 
715 
Chapter 4 
Microprocessor Interfacing with Signetics PLDs 
715 
Introduction 
715 


System Partitioning 
715 


Bus Size Decoding for the 68020 - 
PLUS18P8B 
716 


Interfacing to SPARC - 
PLUS20L8-7 
717 


The 80386 Pipeline Decoder - 
PLUS1530 
721 
68030 Address Decoding - 
PLUS173D 
725 


The 29000, SRAM and the PLUS20L8D 
727 
Interrupt Handler - 
PLS179 
730 


SCSI Target Interface - 
PLUS105 and PLUS153B 
735 
Introduction 
735 
Functional Description 
.....................•...... 
735 


Programmer's Interface 
735 


Port Operation 
736 


Arbitration Software Sequence 
737 


RESELECT Software Sequence 
737 
TRANSFER Software Sequence 
.......•............ 
737 
DISCONNECT Software Sequence 
737 
Hardware Description 
738 
Chapter 5 
Communications using PLDs 
750 


The CCnT V.27 Scrambler - 
PLC18V8Z 
750 
A Novel Speech Synthesizer- 
PLS159A 
752 
ccrn Forward CRC Polynomial- 
PLUS405 
755 
Chapter 6 
Instrumentation 
757 
Heart Beat Monitor - 
PLS159A, PLS168A and PLS153 
757 
The Pulse Width Monitor - 
PLS168 
764 


Scope Trace Sweep Circu~ - 
PLS153 and PLS155 
769 
Chapter 7 
General Applications 
772 


Motor Stepper Controller with 1hePLS155 .........•...... 
772 


Chapter 8 
Secur~ Systems 
776 
A Programmable Alarm System - 
PLS168 
776 


INTRODUCTION 
In multiprocessor environments there is con- 
siderable savings to be made through sharing 
system resources. If each processor must 
support its own bus structure, I/O devices, 
and bulk storage medium, system cost could 
be very high. In the configuration shown in 
Figure 1, all processors share a common 
communication bus, and a number of system 
resources. 


Since 
every 
processor 
must use the common 


system bus to communicate with its peripher- 
als, a priority structure that resolves simulta- 
neous processor bus requests into a single 
bus grant must be integrated into the system. 
In addition to making request-grant transac- 
tions, transient bus contention due to grant 
switching must be removed by inserting pre- 
cise guard band times between bus grants. 


Signetics' 
Field Programmable Logic Se- 


quencer provides a convenient and cost- 
effective means for implementing a synchro- 
nous arbiter to perform these tasks within a 
single chip. 


""II I~I~ 
_llItJ 
IYIUllltJ""",,,,Q.;J.;J_. 
Arbiter 


ARBITER 
STRUCTURE 


Within a multiprocessor system, two general 
classes of processors can be recognized: 
Priority A and Priority b. Priority A processors 
have the highest request priority and must 
only compete with other Priority A processors 
for bus control. The arbiter must issue "A" 
grants in manner that prevents any high 
priority" A" processor from locking out anoth- 
er Priority A processor. To enable this, the 
Priority A rules implemented here use a Last 
Granted Lowest Priority (LGLP) ring structure. 
After an "A" processor has completed a bus- 
related task, its next arbitrated request priority 
will be lowest in the" A" request group. The 
previously second highest priority "A" 
pro- 
cessor will then become highest priority re- 
quester. The net effect of the "round robin" 
exchange is that every Priority A processor 
will have a turn at being highest priority 
processor. Priority A processors are typically 
ones that perform real-time operations or vital 
system tasks. 


Priority b processors are lower in priority than 
the "A's" 
and may only be granted system 
control when no "A" 
requests are pending. 


"b" 
processors usually perform background 


tasks. Within the Priority b group, further 
priority ordering exists such that each "b" 
processor has a fixed priority position. 


Plumber" 
Pearcez, and 
Hojberg3 present 


asynchronous techniques of arbiter imple- 
mentation. These methods all have hard- 
wired priority rules and imprecise guard band 
times during grant switching. As pointed out 
by Hojberg, a synchronous state machine can 
be configured as a Mealy-type controller to 
provide not only precise guard band times 
and programmable priority rules, but also 
programmable 
input/output 
polarity. 
The 


state machine in Figure 2 is made from a 
control PROM array and an edge-triggered 
latch. The "A" 
and "b" 
requests and the 


machine's present state are used by the 
control PROM to determine the next" A" and 
"b" 
grants and the next state. 


NEXT 
A 
R, 
GRANT 
G, 
R, 
A REQUESTS 
A GRANTS 
G, 


R. 
NEXTb 
G. 


" 
CONTROL 


GRANT 
0, 
" 
b REOUESTS 
PROM 
LATCH 
b GRANTS 
0, 


'. 
NEXT 
STATE 
•.. 


a. A and b service requests (RN,rN) plus the present state determine, through the 
control 
PROM, the next state and the next grant outputs (GN, gN). 


SYSTEM 


CLOCK 
R,""""L---J-------L 
j,-- 


R, -,L 
~ 


b. Requests Ro, R,. rooand r 1 are asserted low in the same clock sample period. 
The priority rules that determine the order in which the grants are issued and the 
shaded guard-band areas are programmed into the control PROM.Note that the A 
and b request lines and the present state input to the PROM must have a set-up 
time equal or greater than the latch set-up time plus the PROM access time. 


Figure 2. Arbiter Constructed 
from a Mealy-Type State Machine 


SYSTEM 
OPERATION 
Two machine stales can be identified by 
inspection:a wait state and a grant state. The 
state machine enters a grant state as a 
responseto a system request on either RNor 
rN.The machine will remain in this state with 
a single grant line asserted as long as the 
request remainsasserted. Upon releasingthe 
request line. the machine will pass through a 
single wait state before considering other 
pendingrequests.This providesa singlestate 
guard band time. The requests received must 
meet the set-up requirement of the edge- 
triggered latch after propagating through the 
control PROM. If these time considerations 
do not fit within a given multiprocessorstruc- 
ture, an input latch may be added such that 
the RN and rN lines are clocked through the 
latch by the system clock, thereby removing 
asynchronousset-up time considerations.On 
the basis of a state machine approach, two 
techniques of implementationare feasible: 1) 
using an architecturally advanced single IC 
controller, the FPLS, and, 2) a traditional 
PROM/LATCH configuration. 
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b. FPLS Standard Program Table 


CK 
S 
R 
a 


l 
0 
0 
Q 
l 
0 
1 
0 
l 
1 
0 
1 


l 
1 
1 
Undefined 


NOTE: 
(i )denotes 
pos,IIve clock tranSlllon, 
S = A = 1 IS an Illegal 
Input condItion 


c. Transition 
Table of Clocked 
SIR 
Flip-Flop 


Figure 3 


Brief 
FPLS 
Description 


The FPLS block diagram shown in Figure 3(a) 
consists of a control PLA and 14 clocked SIR 
flip-flops. The control PLA is actually an AND- 
OR logic array that functions as a Content 
Addressable PROM. The PLA is organized as 
48 words of 28 bits with 16 external input 
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lines, and six internal inputs fed back from the 
State Register. The 28 PLA outputs drive the 
SIR 
inputs of the six-bit State Register and 
eight-bit Output Register. Note that the state 
feedback path is made inside the FPLS. 


IN and present state inputs, Ps, represent 222 


possible input codes; 48 of these codes may 
be mapped in the PLA to provide a 14 bit 
register control word. As shown in Figure 3(b) 
each input code may be specified by assign- 
ing to the variables either Low "L", H'gh "H", 
or Don't Care "-" 
logic states. If any input 
code falls logically outside the programmed 
codes, the PLA asserts a Low on all its 28 


internal 
outputs, 
thereby 
issuing 
a "no 
change" command to the RIS 
flip-flops. 


This is an important architectural 
feature 


because it requires that only state or output 
transition terms be programmed. Looping 
terms that change neither state nor output 
need not be programmed in the FPLS, owing 
to the functional characteristics of SIR 
flip- 
flops tabulated in Figure 3(c). An example of 


this 
is shown 
in Figure 
4. 


The 
SI R inputs of both state and output 
registers are specified by using PLA outputs 
(" AND" functions of request inputs and pres- 
ent state) in the program table of Figure 3(c). 


FPLS 
ARBITER 


IMPLEMENTATION 
A five Priority "A" 
and three Priority "b" 


arbiter w,1lbe constructed such that all grant 
outputs will be asserted low for grants and all 


request 
inputs will be asserted 
low for system 


requests. 


The corresponding next state of each bit will 
be set to 0 for "L", 1 for "H", and No Change 
for "-". 
The FPLS's PRIOE line may be 
assigned either Asynchronous Preset or Out- 
put Enable functions, via a user programma- 
ble option. 


The entire function is integrated into a single 
28-pin package designated as PLS105. 


State 
Algorithm 
Figure 5(a) displays the circular state form 
and all possible state transitions of the LGLP 
priority structure. Hex states 3F, 3E, 3D, 3C, 
and 38 are arbiter wait states Wo_,. In these 
states, processor "A" 
and "b" 
requests are 
monitored. Figure 5(b) illustrates a typical 
grant to processor A, in hex state 07. As long 
as A, asserts its request line low, the next 
state will be 07,6 and the next output will 
remain with G, asserted low and all the other 
grant outputs asserted high. Since no change 
in state or grant output results from this 
transition, no PLA resources are required. 


As soon as processor A, returns its request 
line, R" to 1, a state transition is made to 3D, 
and an output transition is made to set all 
grant outputs to 1. Since processor A, was 
the last to be granted system resources, it will 
now have the lowest A level request priority 
(LGLP). In wait state Wz, the highest priority 
processor will be Az, second As, third A" and 
fourth Ao. To maintain the LGLP rule, grant 
transitions 
must 
follow 
the 
state 
rule 
GN ~ 
WIN+ ')' 
and wait states, WM, must 


set their "A" priorities so that processor AMis 
highest priority. Priority decreases as one 
proceeds clockwise around the state ring to 
the lowest priority processor, A(m_,). 


When no "A" 
requests are pending, "b" 


requests may be granted. To avoid upsetting 
the LGLP priority rule, a "b" grant must leave 
and return to the same wait state. Since the 
"b" 
priority structure is the same regardless 


of the wait state, only a single set of "b" 


transition 
terms 
are 
required. 


NOTE: 
T N/FN •• Inputs/outputs. 
The 
FPLS 
requires 
that 
only two out of the three 
transition 
terms 
be programmed. 


For example, a grant transition to gz (Hex 
20 - 25) can be issued oniy if there are no 
"A", 
"bo", or "b," 
requests pending. Given 
the binary wait state code 111XXX, where 
"X's" 
represent Don't Cares, a request code 
of 01111111 will transfer the arbiter to the 
grant state gz from any of the wait states, 
Wo_,· 


It is important to realize that in making this 
transition, the lower three-state bits will not 
be changed - 
they provide the wait state 
return 
address. 
When 
rz returns 
high, 
1XXXXXXX,a transition back to the previous- 
ly exited wait state is made by forcing a "1" in 
the 
three 
most significant state bits and 
leaving the lower three-state bits unchanged. 


All output and state bits are initially preset to 
"1" 
through the use of the optional preset 
function. Grant output iines are only forced 
iow when transitions are made to grant states 
and are returned to "1" 
when jumping back 
to a wait state. 


Table 1 provides the complete arbiter pro- 
gram. The complete arbiter circuit diagram is 
shown in Figure 6. The AMAZE equations are 
shown in Figure 7. 


PROM/LATCH 
IMPLEMENTATION 
The same five "A" 
processor and three "b" 
processor arbiter can be implemented with 
discrete PROM's and Latches using the same 
state diagrams for the FPLS, except that now 
looping 
transition 
terms 
must 
be 
pro- 
grammed. Coding of all state and output 
transitions 
requires 
programming 
of 
two 


memory fields: the 
"A" 
request PROM's 


(2KX6) and the "b" 
request PROM (64 X 3). 


The complete circuit diagram is shown in 
Figure 6(b). 


The "A" request PROM's determine the next 
machine state (No_5) at all times, except 
when there are no "A" requests pending and 
there is a "b" 
request, or if the machine is 


presently in a "b" grant state. In these cases, 
the "b" 
request PROM controls the 
ma- 


chine's next state. 


The grant controi lines are decoded from the 
next state lines and latched in two quad 
output latches. This PROMILA TCH organiza- 
tion is conceptually the same as that shown 
in Figure 2. 
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******************** 
ARBITERS 
******************** 
@DEVICE 
SELECTION 
ARBITERB/82S105 
@STATE 
VECTORS 
( FF5, FF4, FF3, FF2, FF1, FFO 
] 
WO 
03Fh 
W1 
03Eh; 
w2 
03Dh; 
w3 
03Ch; 
W4 
03Bh; 
W(l4 
11l---b 


GAO 
06h 
GAl 
07h 
GA2 
OEh 
GA3 
(JFh 
GA4 
16h 
GSO 
lOl---b 
GBl 
110---b 
GB2 
lOO---b 


@INPUT 
VECTORS 
@QUTF'UT VECTORS 
(OB2, 
081, 
OBO, 
OA4, 
OA3, 
OA2, 
OA1, 
OAO] 
QAO' 
FEh 
QAI' 
FDh 
QA2' 
FBh 
QA3' 
F7h 
QA4' 
.:=t 
EFh 
QBI)' 
DFh 
QB1' 
BFh 
OB2' 
7Fh 
NOGRANT' 
FFh 


@TRANSITIONS 
WHILE 
CWO] 
CASE 
(lRAQJ 
:: [GAOJ WITH 
WAQ' 
J 
(/RAl 
* 
RAO] 
:: 
(GAl] 
WITH 
CQA1'] 
(/RA2 
* RAl 
* 
RA(l] 
:: 
CGA2] 
WITH 
(QA2'] 
C/RA3 * 
RA2 * 
RAl * 
RAO] 
:: 
(GA3] 
WITH 
(QA3'] 
(/RA4 * RA3 * RA2 * RAI * RAO) :: (GA4) WITH (QA4'] 
ENDCASE 


WHILE 
(WI] 
CASE 
[/RAIJ 
" 
[GAIJ WITH 
[QAI'J 
(/RA2 
* RAI] 
:: 
(GA2] 
WITH 
(QA2') 
(/RA3 
* 
RA2 * 
RAI] 
:: 
(GA3J 
WITH 
(QA3'] 
(/RA4 
* 
RA3 * 
RA2 * 
RAI] 
:: 
(6A4] 
WITH 
(QA4'] 
(/RAO 
* 
RA4 * 
RA3 * 
RA2 * RAIl:: 
CGAO] 
WITH 
(QAO'] 
ENDCASE 


a, Arbiter State Equations 


Figure 7 


WHILE 
CW2] 
CASE 
(/RA2J 
:: 
CGA2J 
WITH 
[QA2') 


(/RA3 
* 
RA2J 
:: 
(GA3J 
WITH 
(QA.3·) 


(/RA4 * 
RA3 * 
RA2J 
:: 
(6A4J 
WITH 
(QA4'] 


(/RAO 
* RA4 * RA3 * RA21 :: (GAOl WITH (QAO'] 
(/RAt 
* 
RAO * 
RA4 * 
RA3 * 
RA2J 
:: 
(GAl 
J 
WITH 
(QAl' 
J 


ENDCASE 


WHILE 
(W3J 
CASE 
[/RA3J 
:: 
(GA3J 
WITH 
[QA3') 
(/RA4 
* 
RA3J 
:: 
(GA4] 
WITH 
[QA4'] 
[IRAQ * RA4 * RA3J 
:: (GAOl WITH 
[OAO') 
(/RAl 
* RAO * RA4 * RA3J 
:: 
[GAll 
WITH 
CQAI'] 


(/RA2 
* 
RAl 
* 
RAO * 
RA4 
* 
RA3J 
:: 
(6A2J 
WITH 
(QA2' 
J 
ENDCASE 


WH1LE 
[W4J 
CASE 
C/RM] 
" 
CGA4] WITH 
CQM'] 


[IRAQ 
* 
RA4 
J 
:: 
(GAl)] 
WITH 
(QAl)') 
(IRA! * 
RAO * 
RA4] 
:: 
[GAll 
WITH 
[QAl 'J 


(/RA2 
* 
RAt 
* 
RAQ * 
RA4J 
:: 
C.GA2J 
WITH 
(QA2') 


(/RA3 
* 
RA2 
~ 
RA1 
*RAt 
.•. RA4J 
:: 
(6A3J 
WITH 
(QA3') 


ENDCASE 


WHILE 
(W(l4J 


CASE 


l/R[H) 
.•. RA4 
.•• RA3 
"if 
RA2 
* 
RAl 
'* 
RAf)J 
:: 
[6BO) 
WITH 
[L!BO') 
(/RB1 
.•. RBl) 
'Ii RA4 * 
RA3 
.•. RA2 
.•. RAl 
RAOJ 
:: 
(GB1) 
WITH 
((lBl'] 
l/R82 
• 
RBl * 
RBO * 
RA4 
• 
RA3 * 
RA~ * 
RAI 
~ 
RAOl 
:: 
[6B2J 
WITH 
[OB2'] 


ENDCASE 


WHILE 
lGAO] 
IF (RAe)] THEN 
lWl] 
WiTH 
lNOGRANT'] 


WHILE 
[GAl] 


IF [RAI) 
THEN 
CW:;]WITH 
[NOGRANT 
) 


WHILE 
CGA2] 
IF [RA2) 
THEN 
[W3] 
wITH 
CNOGRANT'] 


WHILE 
CGA3] 
IF [RA3] 
THEN 
[W4) 
WITH 
[NOGRANT') 


WHILE 
[GA4] 
IF 
[RM] 
THEN 
CWO) 
WITH 
[NOGRANl 
'] 


WHILE 
[GBO) 
IF [RBO) 
THEN 
CGBl] WITH 
[NOGRANT'] 


WHILE 
[G81] 
IF CRBI) 
THEN 
[6B2] 
WITH 
[NOGRANT') 


WHILE 
[682] 


IF CRB2J THEN 
C6BO] 
WITH 
[NOGRANT') 
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SUMMARY 
Table 
3. Design 
Alternatives 
for the 
Priority 
Arbiter 


As can be seen from the circuit diagrams, the 
FPLS can offer significant advantages over 
discrete MSI arrays in the design of state 
machines. The tradeoff in both design alter- 


natives 
for 
the 
Priority 
Arbiter 
is shown 
in 


Table 2. Clearly, the FPLS approach uses 
fewer parts, with savings in PC board space 


and 
power 
requirements. 


1. 
W.W. Plumber: "Asynchronous Arbiters"; 
IEEE Transactions on Computers, Janu- 
ary 1972, pp. 37 - 42. 


PARAMETER 
F.P.L.S. 
PROM/LATCH 


Parts count 
1 IC 
"'19IC's 


PCB space 
.84 in2 
7.92 in2 


Power 
.65W 
2.85W 


Voltage 
+5V 
+5V 


2. 
R.C. Pearce, J.A. Field, and W.o. Little: 
"Asynchronous 
Arbiter Module"; 
IEEE 


Transactions on Computers, September 
1975, pp. 931 - 933. 


3. 
K. Soe Hojberg: "An Asynchronous Arbi- 
ter Resolves Resource Allocation Con- 


flicts on a Random Priority Basis"; Com- 
puter 
Design, 
August 
1977, 
pp. 


120-123. 


4. 
K. Soe Hojberg: "One-Step Programma- 
ble Arbiter for Multiprocessors"; Comput- 
er Design, April 1978, pp. 154 - 158. 


Signetics 


INTRODUCTION 


Custom 
logic 
is expensive 
- too expensive 
if 


your production run is short. 'Random logic' is 
cheaper but occupies more sockets and 
board space. Signetics Programmable Logic 
bridges the gap. Using PLD, you can config- 
ure an off-the-shelf chip to perform just the 
logic functions you need. Design and devel- 
opment times are much shorter, and risk 
much lower than for custom logic. Connec- 
tions are fewer than for random logic, and, for 
all but the simplest functions, propagation 
delay is usually shorter. Yet another advan- 
tage that PLD has over custom logic is that it 
allows you to redesign the functions without 
redesigning the chip - giving you an invalu- 
able margin not only for cut-and-try during 
system development, but also for later revi- 
sion of system design. You're not tied down 
by the need to recover capital invested in a 
custom chip. 


A PLD chip 
is an array 
of 
logic 
ele- 


ments - gates, inverters, and flip-flops, for 


Instance. 
In 
the 
virgin 
state, 
everything 
is 
connected to everything else by nichrome 
fuses, and although the chip has the capacity 


to perform 
an extensive 
variety 
of logic func- 
lions, it doesn't have the ability to. What gives 
it that is programming: selectively blowing 
undesired fuses so that those that remain 


provide 
the 
interconnections 
necessary 
for 
the required functions. 


Signetics Series 20 PLD, named for the 
number of pins, supplements the well-known 
Series 28. The 
package is smaller-little 
more than a third the size, in fact - but the 
improved 
architecture, 
with user-programma- 


ble shared I/O. compensates for the fewer 
pins. The series comprises the following 


members, 
in order 
of increasing 
complexity: 


• PLS151- field-programmable 
gate 


array 


• PLS153- field-programmable 
logic 


array 


ANa 
Introduction To Signetics 
Programmable 
Logic 


• PLS155- field-programmable 
logic 


sequencer 


• PLS157- field-programmable 
logic 
sequencer 


• PLS159- field-programmable 
logic 
sequencer 


Entry to all the devices is via a product matrix, 
an array of input and shared I/O lines fuse- 
connected to the multiple inputs of an array of 
AND gates (see Figures 1, 2 and 5). To 
exploit the capacity of any device, it is impor- 
tant to make the most economical use of the 
AND gates it has available. Application of de 
Morgan's theorem can help in this. For exam- 
ple, inputs for the function 


F=A+B+C+D 


would occupy four of the AND gates of the 


product 
matrix. 
However, 
the 
same 
function 


rewritten 
as 


would occupy only one. Moreover, the sec- 
ond function could be done on the simplest of 
the Series 20 devices 
(and 
leave eleven 
gates over for other functions), whereas the 
first could not. The fact that all inputs of the 
Series 20 devices, including the shared ones, 
incorporate double buffers that make the true 
and complement forms of all input variables 
equally accessible, greatly facilitates the use 
of de Morgan's theorem for logic minimiza- 


tion. 


To 
convert 
the 
minimized 
logic equations 
to 
the pattern of fuses to be blown, you can use 
either a programmingsheet (see e.g. Table 1) 
or Boolean equation program-entry software 
that lets you enter the equations via the 
keyboard of a terminal. The direct program- 
mability of logic equations makes system 
design with PLD simple and sure. Functional 
changes can be made by replacing one PLD 
chip by another differently programmed. In 


many cases 
you can even 
remove 
the original 


one, reprogram it on the spot, and re-insert it. 
Programming machines qualified for the Se- 


FPGA 
PLS151 
The field-programmable gate array is the 
simplest of the Series 20 PLD devices; Figure 
1 shows the functional diagram. The array 
can accept up to 18 inputs. There are six 
dedicated input pins (A) and twelve (A') that 
can be programmed as inputs, outputs, or 
bidirectional I/O. All input variables, whether 
on dedicated or programmed input pins, are 
available in both true and complement form in 
the product matrix (B), and both forms are 
buffered: either form can drive all 12 product 
lines if required. In the virgin state, all the 
input variables and their complements are 
connected to all the product lines via a diode 
and a fuse (C), and the product matrix is 
effectively inoperative. To enable it to gener- 


ate 
the 
required 
functions, 
unrequired 
con- 


nections 
between 
individual 
input 
lines 
and 


product lines are severed by blowing the 


connecting 
fuses. 


At the output of the product matrix are 12 
NAND gates, each with 36 inputs to accom- 
modate the 18 possible input variables and 
their complements. Each of the product terms 
is normally active-Low, but a uniquefeature of 
Signetics PLD is that any or all of them can be 
independently programmed active-High. This 
is done by means of an array of exclusive-OR 
gates (D) at the NAND-gate outputs; when 
the fuse that grounds the second input of 
each OR gate is blown, the output of that 
gate is inverted. 


The product matrix and exclusive OR-gate 
connections shown in Figure 1 illustrate the 
flexibility conferred by having buffered com- 
plements of all input variables internally avail- 
able, together with independently program- 
mable output polarities. Output B", 
shown 


with its exclusive OR-gate fuse intact, is 
programmed 
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Inputs; A'. programmable 
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Figure 1, Field-Programmable Gate Array PLS151A 
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NOTE: 
A to F, as 
In Figure 
1. G, sum (OR) matrix 
Connected 
as shown, the array is programmed 
as a single-bit 
adder with Carry Enable. 


Figure 2. Field·Programmable 
Logic Array PLS153 


At the same time, and without using any 
additional inputs, output B10 (fuse blown) is 
programmed 


BIO = iiiT1f5 


Each of the exclusive-OR gates drives a 
three-state output buffer. In the virgin state all 
the buffers (E) are disabled and therefore in 
the high-impedance state. The function of the 
programmable I/O pins (A') is then deter- 
mined by the I/O control matrix (F). The three 
AND gates at the control-matrix output are 
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Active-High, and when one of them is in the 
High state, the four output buffers it controls 
are enabled; the corresponding I/O pins then 
act as outputs. conversely, when a control- 
matrix AND-gate output is Low and the con- 
trol fuse for the corresponding Tri-state buffer 
is intact, the pins controlled by that gate act 
as inputs. Thus. these pins can be pro- 
grammed in groups of up to four to act as 
inputs or outputs according to the state of 
selected input variables. If required, any of 
the programmable I/O pins can be made a 


dedicated output by blowing the control fuse 
of the output buffer associated with it. 


The speed of the FPGA compares favorably 
with TTL, although its propagation delay is 
longer than the individual gate delay of TTL. 
When the number of inputs required is large. 
however. the FPGA more than makes up for 
this. When more than eight inputs are re- 
quired, for example, the FPGA has a distinct 
advantage. Then, the overall propagation de- 


lay of TIL often amounts to two or three gate 
delays, but that of the FPGA to only one. 


FPLA 
PLS153 


Architecture 
With two levels of logic embodied in a product 
matrix terminating in 32 AND gates coupled 
to a ten-output OR matrix (Figure 2), the 
FPLA is a step up in complexity from the 
FPGA. Again, there is provision for 18 input 
variables, internally complemented and buff- 
ered, but here divided between eight dedicat- 
ed input pins and ten individually programma- 
ble 1/0 pins. As before, exclusive-OR gates 
grounded by fuses provide output polarity 
controi, and any of the programmable 1/0 
pins can be made a dedicated output by 
blowing the control fuse of the output buffer 
associated with it. 


Programming 
When the required functions have been de- 
fined, 
corresponding 
programming instruc- 


tions are entered in a programming table, the 
iayout of which reflects the FPLA architec- 
ture. (A Signetics computer program named 
AMAZE, which accepts Boolean equations as 
input and generates an FPLA programming 
table as output, is also availabie.) The pro- 
gramming machine blows the FPLA fuses in 
the pattern prescribed by the table. 


As an illustration of FPLA programming, con- 
sider a full adder. Figure 3 shows a TIL 
version (74LS80) and the corresponding logic 
equations. Note that the feedback of Cn + , 
introduces a second propagation delay. In the 
FPLA this is eliminated by redefining ~ in 
terms of A, B, and Cn, as shown in Figure 4, 
and using the right side of the equation for 
Cn + 1 instead of the term itself. At first glance 
this would appear to require a minimum of 
three product terms for Cn + 1 plus four for ~, 
or a total of seven. The Karnaugh maps, 
however, show considerable overlap between 
the two functions: the map for Cn+, differs 
from that for ~ only by having A B Cn instead 
of ABC;;. 
Rewriting the equation for Cn + 1 to 


introduce ABC;; 
and eliminate A B Cn, 


Gn+, ~ ABC;; + ABC;; 
+ A B Cn+ ABC;; 


increases the number of product terms by 
one, but now Cn + , and ~ have three terms in 
common. Therefore, since the FPLA allows 
multiple use of product terms, it is sufficient to 
program each of the common terms only 
once; thus, the original seven product terms 
are effectively reduced to five. 


To fill in the programming table (Table 1), first 
allocate inputs and outputs. 


I :: ACn + 1 .•. Ben'" 1 .•. CnCn 
+ 1 .•.ABCn 


= ABC" .•. ABc" .•.Aicn 
.•. ABC" 
:1En 


A 
ABCn 


Cn+,-ACn+BCn+A8 


:::AS+ACn+8Cn 


:: ABCn .•. ABCn 
.•. ABCn 
.•. ABCn 
lOO1:nos 


Figure 4. Karnaugh 
Maps and Logic Equations 
for the Full Adder 
of Figure 3, illustrating 
how the Equations 
are Reduced 
for 
the FPLA Implementation 
Shown In Figure 2 and Table 1 


Inputs: A 
= 10 


B 
~ I, 


Cn = 12 


Outputs: Cn + , ~ B7 
L 
= B8 
~ 
= B9 


Next, enter the product terms of ~ in the 
product-matrix (AND) part of the table, using 
H to indicate a true input and L a false one. 


• Term 0 is ABC;;: 
mark H, L, L in 
columns 
10, I"~ 12 of row 0 


• Term 1 is ABC;;: 
mark L, H, L in 
columns 10,I" 
12of row 1 


• Term 2 is A B Cn: mark L, L, H in 
columns 10,I" 
12of row 2 


• Term 3 is A B Cn: mark H, H, H in 
columns 10,I" 
12of row 3. 


Fill the rest of rows 0, 1, 2, and 3 with dashes 
to indicate that all other inputs are to be 
disconnected from Terms 0, 1, 2, and 3 (fuses 
blown). 


The product terms of ~ must be added to 
form the sum-of-products required at output 


B9. Indicate the required addition by putting 
an A (for Attached, I.e. fuse unblown) in the 
Term 0, 1, 2, and 3 spaces of column B(0)9; 
Term 4 is not required for ~, so put a dot in 
the Term 4 space to indicate that it is to be 
disconnected (fuse blown). To indicate that 
the output is to be Active-High, put an H in the 
polarity square above the B(0)9 column. Fi- 
nally, fill row 09 with dashes to indicate that 
all fuses on line 09 of the control matnx are to 
be blown and B9 is to be a dedicated output. 
This completes the programming of ~. 


The L output on B8 is programmed in just the 
same way, except that the polarity square 
above the 
B(0)8 column is marked L to 


indicate Active-Low. (Note that in the FPLA, 
the ~ and L outputs change simultaneously, 
because all output signals traverse the exclu- 
sive-OR array (D), whether they are Active- 
High or Active-Low. In the TIL 
full adder 
shown in Figure 3, the output inverter delays 
the change of ~ with respect to L.) 


POLARITY 
HTLTLT 
T T 
T 
T 
J 
J 


T 
AND 
OR 
E 
I 
B(I} 
B(O} 
: 7 
6 
5 
4 
3 
2 
1 
0 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
; 


0 - - 
- 
L 
L 
H 
- 
A 
A 
A 


- 
::J 
1 - - - - - l 
H L - - - - - - - - - - 
A 
A 
A 
o 
0 
iD 
~ 
••. 
2 - - - - - 
H l 
L - - - - - - - - - - 
A 
A 
A 
o - 
3 
H 
H 
H - 
- 
A 
A . 
...• 


~r;- 
4 - - - - - L l 
l - - - - - - - -- - .. A 
5 
I-"Iw"" 


6 
-II!'> 
e. >~ 
7 
III 
- 
I ~« 
8 


iJi 
~~ 
9 


'"~ 
'0 


...•~ ~ 
10 
~z 
I- 
11 


'"~~~ 


12 
13 
~~t ~~1 
~ 14 
:I 
« 
~ 
c! 
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Cl 
16 
0 
17 
a:... 
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09 - 
~T 
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07 
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- 
- 
- 
06 
05 
04 
03 
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01 
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~l~. 
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1 19 18 17 16 15 14 13 12 11 9 


'" 
E 
Cn 
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A 
I I - 


...• '" 
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~~ 
A 
lu 
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a:Z 
B 
~ 
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The output Cn+ 1 on 87 contains three of the 
same terms as L, plus the term ABc,;. 
Only 
this last term needs to be additionally pro- 
grammed in the product matrix: mark L, L, L in 
columns 10,I" 12of the Term 4 row. Indicate 
the addition 


A B c,;+A 
8 c,; 
+A B Cn+A 
B c,; 


by putting an A in rows 0, 1, 2, and 4 of 
column 8(0)], and show that Term 3 (A 8 Cn) 
is not required by putting a dot in the Term 3 
row to indicate disconnection (fuse blown). 
Put an L in the 8(0)] 
polarity square to 


indicate Active-Low. 


Identifying 87 as a dedicated output by indi- 
cating that all the fuses to control term D7are 
to be blown, would now complete the pro- 
gramming of the full adder. However, a useful 
supplementary feature would be a Carry En- 
able function to keep the 87 output buffer in 
the high-impedance state except when the 
enable input 13is true. The output buffer is 
enabled when both the fuses of a control 
term are blown, or when one is blown and the 
term that controls the output buffer is true. 
Thus, a Carry Enable can be provided via the 
13input by leaving intact the fuse for Active- 
High operation of the enable signal to control 
term D7. To indicate this, put an H in the 13 
column of row D7 and fill the rest of the row 
with dashes. 


The full adder with output Carry Enable uses 
only four of the eight dedicated inputs, three 
of the ten programmable 1/0 pins, and five of 
the 32 AND gates. The remaining capacity 
can be used for programming other functions 
which may, if required, also make use of 
AND-gate outputs already programmed for 
the full adder. 


All fuses not indicated as blown in the pro- 
gramming table are normally left intact to 


preserve 
capacity 
for later 
program 
revisions 


or the addition of supplementary functions. If 
it is essential to minimize propagation delay, 
however, the finalized program should include 
instructions for blowing all unused fuses to 


minimize 
load 
capacitance. 


FPLS 
PLS155 - PLS157 - PLS159 


Architecture 
The FPLS (Figure 5) is the most complex of 
the Series 20 PLD devices. Like the FPLA, it 
has a 32-term product matrix followed by an 
OR matrix. In the FPLS, however, the OR 


matrix 
is larger 
and 
comprises 
three 
distinct 
parts, with architecture differing in detail from 
type to type. In the PLS155, for instance, the 
first part consists of eight 32-input gates 
coupled, like those of the FPLA, to an output- 
polarity-controlling exclusive-OR array. The 


second consists of twelve additional gates 
which control four flip-flops. These are what 
give the FPLS its sequential character, en- 
abling it to dictate its next state as a function 
of its present state. The third part is the 
deceptively simple Complement Array (I in 
Figure 5): a single OR gate with its output 
inverted and fed back into the product matrix. 
This enables a chosen sum-of-products to 
become a common factor of any or all the 
product terms and makes it possible to work 
factored sum-of-products equations. it is also 
useful for handshaking control when interfac- 
ing with a processor and for altering the 
sequence of a state machine without resort- 
ing to a large number of product terms. 


PLS155 has four dedicated inputs and eight 
programmable 1/0 pins that can be allocated 
in the same way as in the FPLA. It also has 
four shared 1/0 pins (L) whereby the flip-flops 
can be interfaced with a bidirectional data 
bus. Two product terms, LA and Ls in the 
control matrix F, control the loading of the 
flip-flops, 
in pairs, synchronized with the 
clock. 


Figure6 shows the architecture of the flip-flop 
circuitry in the PLS155. The flip-flops are 
positive-edge-triggered and can be dynami- 
cally changed to J-K, T, or D types according 
to the requirements of the function being 
performed; this considerably lessens the de- 
mands on the logic. The Tri-state inverter 
between the J and K inputs governs the 
mode of operation, under the control of the 
product term F: 


• When the inverter is in the high- 


impedance state, the flip-flop is a J-K 
type, or a T type when J = K. 


• When the inverter is active, K = J and 
the flip-flop is a D type; the K input 
must then be disconnected from the 
OR matrix. 


All the product terms from the product matrix 
(To to T31 in Figure 5) are fuse-connected to 
the J and K input OR gates. if both fuses of 
anyone 
product term are left intact, J = K 


and the flip-flop is a T type. 


The flip-flops of the PLS155 have asynchro- 
nous Preset and Reset controlled by terms in 
the OR matrix that take priority over the clock. 
Their three-state output buffers can be con- 
trolled from the enable pin OE or permanently 
enabled or disabled by blowing fuses or 
leaving them intact in the enable array (K in 
Figure 5). 


The PLS157 and PLS159 sequencers have, 
Lllspectively, six and eight flip-flops. The ar- 
chitecture differs in detail but is similar in 
principle to that of PLS155. 


Programming 
The FPLS is programmed in much the same 
way as the FPLA, using a table to instruct the 
machine that blows the undesired fuses. It is 


not necessary 
to work 
with a circuit diagram; 


in fact, it is even undesirable to do so, since 
applying the necessary logic reduction tech- 
niques would in most cases make the dia- 
gram difficult to read and more a hindrance 
than a help. An example of how to program 
the FPLSas a universal counterlshift-register 
is given in the Appendix. 


DEVELOPMENT 
AND 
PRODUCTION 
ECONOMY 
WITH 


PLD 
Underlying the design philosophy of 
the 


Signetics Series 20 PLD is the concept of 
programmable arrays whose architecture em- 
ulates logic equation formats rather than 
mere aggregations of gates. The unique com- 
bination of features which support this philos- 
ophy includes: 


• double-buffered true and complement 


inputs 


• programmable-polarity outputs 


• programmable 1/0 
for internal feedback 
and maximum freedom in allocating 
inputs and outputs 


• truth-table programming format 


These features are common to all the PLD 
devices. In the field-programmable logic se- 
quencers they are further supported by: 


• flip-flops with dynamically alterable 
operating modes 


• a complement array for simplified 


handshaking control 


From the development engineer's point of 
view an important advantage of PLD is that it 
eliminates breadboarding.Once the functions 


required 
in terms of minimized 
logic equations 


are worked out, a PLD can be programmed 
accordingly. Once programmed, it will per- 
form those functions. 


Loading the instructions into the program- 
ming machine usually takes no more than a 
couple of hours; after that, the machine can 
program the devices at a rate of 100 an hour. 
Moreover, 
since 
any 
PLD can 
be 
pro- 
grammed in many different ways, PLD has 
considerable potential for simplifying pur- 
chasing and stock control. One type of device 
can be programmed to perform a diversity of 
tasks for which it would otherwise be neces- 
sary to purchase and stock many different 
devices. 


Series 20 PLD is second-sourced by Harris 


Semiconductor 
. 
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Figure 5. Field-Programmable Logic Sequencer PLS155 
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APPENDIX 


Programming 
an FPLS 
as a 
Counter IShift-Register 
Objective: to program a PLS155 FPLS as a 
count-up, 
count-down, 
shift-right, 
shift-left 


machine 
governed 
by 
three 
control 


terms - COUNT/SHIFT, 
RIGHT/UP, 
LEFT/ 


DOWN. Direct implementation would result in 
a machine with 64 state transitions (see Table 
A-1), which is beyond the 
scope of 
the 


PLS155 or even the 28-pin PLS105. Logic 
reduction is therefore necessary. 


As there are only four feedback variables (D, 
C, B, Al, you can do the reduction by hand, 
one mode at a time; the control terms need 
not be included till the summary equations 
are written. Using the transition 
mapping 


method suggested here, you can examine the 
excitation equations for all types of flip-flops 


(R-S, J-K, D, T) and choose those types that 
will perform the required functions using the 
fewest product terms. Table A-2 summarizes 
the rules for flip-flop implementation using 
transition maps; the transition symbols used 
in the table mean: 


PRESENT 
NEXT 
TRANSITION 


STATE 
STATE 
SYMBOL 


a 
0 
0 
0 
1 
a 
1 
0 
(3 


1 
1 
1 


Using these symbols, construct Table A-3 
from Table A-1 to enable you to examine the 
excitation equations for all types of flip-flops. 
Proceeding one mode at a time, transfer the 
state conditions from Table A-3 to Karnaugh 
maps, as in Figure A-1. Following the rules in 


Table A-2, derive the excitation equations for 
the different types of flip-flops (the examples 
shown in Figure A-1 omit the T type because 
it is the same as the J-K type when J - K). In 
deciding which types of flip-flop to use, re- 
member that logic minimization with PLD is 
different from logic minimization with' random 
logic': with random logic you seek to reduce 
the number of standard packages required; 
with PLD you seek to reduce the number of 
product terms. 


From Figure A-1 it is evident that you should 
choose J-K or T flip-flops for the counter 
mode and D flip-flops for the shift mode, for 
you then require only one product term per 
flip-flop per mode. Table A-4 summarizes the 
number of product terms per mode the vari- 
ous types of flip-flops would require. 


Table A-5 shows the completed programming 
table for the counter/shift-register. The pro- 
gramming of Terms 0 to 15 reflects the flip- 
flop excitation equations and illustrates the 
value of being able to switch the flip-flops 
dynamically from one type of operation to 
another. Terms 16, 17 and 18, respectively, 
provide for INITIALIZE, asynchronous RE- 
SET, and STOP functions. 


The programming of the two additional inputs 
HALT and BUSY illustrates the value of the 
complementary, which is made active when 
HALT and BUSY are Low (A in the Comple- 
ment square of Term 18) and propagated into 
all the other terms (dot in the Complement 
squares of Terms 0 to 17). This means that 
unless the HALT and BUSY inputs are High, 
none of the product terms will be true and the 
state of the machine will not change. If the 
Complement Array were not used, twice the 
number of product terms would be required, 
even if one of the additional inputs were 
omitted. 


As it is, the design uses only 19 of the 32 
product terms available, so there is ample 
capacity for extending its capabilities. For 
example, the shift-left function can be aug- 
mented by a binary multiplication capability, 
using a D type flip-flop to make it shift one, 
two, or three places according to the state of 
two extra inputs, X and Y. Table A-6 shows 
the revised programming table. The binary 
multiplication function occupies nine addition- 
al product terms. 


ACKNOWLEDGEMENT 
Electronic Components and Applications; Vol. 
4, No.2, 
February 1982. Reprinted with the 


permission of PHILIPS. 


STATE 
PRESENT 
NEXT STATE 


NO. 
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Count Down 
Count Up 
Shift Left 
Shift Right 
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CONTROL 
TERMS 


COUNT /SHIFT 
, 
, 
0 
0 
RIGHT/UP 
0 
, 
0 
, 


LEFT/DOWN 
, 
0 
, 
0 


FLIP-FLOP 
INPUT 
MUST 
MUST 
REDUNDANT 
TYPE 
INCLUDE 
EXCLUDE 


R-S 
S 
a 
(3,0 
',x 


R 
(3 
a,' 
O,x 


D 
D 
a,' 
(3,0 
x 
T 
T 
a,(3 
0,1 
x 
J-K 
J 
a 
0 
1,(3,x 
K 
(3 
, 
O,a,x 


STATE 
PRESENT 
TRANSITION 


NO. 
STATE 
Count Down 
Count Up 
Shift Left 
Shift Right 


D 
C 
B 
A 
D 
C 
B 
A 
D 
C 
B 
A 
D 
C 
B 
A 
D 
C 
B 
A 
0 
0 
0 
0 
0 
a 
a 
a 
a 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
IJ 
0 
0 
a 
IJ 
0 
0 
a 
IJ 
a 
0 
0 
IJ 


2 
0 
0 
1 
0 
0 
0 
IJ 
a 
0 
0 
1 
a 
0 
a 
IJ 
0 
0 
0 
IJ 
a 


3 
0 
0 
1 
1 
0 
0 
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Table A-4. Number of Product Terms Required for Counter/Shift-Register 
Flip-Flop Excitation 
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Figure A-1 Karnaugh Maps and Flip-Flop Excitation 
Functions 
for the Counter IShift-Reglster 
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Table A-5. Modified PLS155 FPLS Programming Table for the Counter/Shift-Register With the Addition of a 
Binary Multiplier 
I 


T 
AND 
= 
C 
I 
B(I) 
0 P) 
II 
3210765432103210 
o 
-""'HL.H&.----------- 
1 
·LH411~----------t. 


2 
•••• 
,., 
•• 
II 
••• ---------~ 
L 
3 
.L.HL.N 
•.•--------LLL. 


4 
.~/..HHL----------- 
5 
°L.~HHL----------fo/ 
6°L.L.liHL.---------fo/H 
7 
°Ll..HHI.-------- 
IIHH 
8 
·L/(I.LL.--I.U---H--- 
9°LIILL.L.--IIL----H-- 
10 °LIILI.L.- 
-I/H-----H- 
11°LHI.LI.--I.H------H 
12°L.I1LLL.--I/L---I1--- 
13 °LH 
LI.L.-- 
HH- 
-- 
-H-- 
14 .LHLLL--L.H-----H- 
15 oLHL.LL--HL------ 
1/ 


16 
'LHLL"'--HH--- 
/1--- 
17 
oL.IILLL--LH----H-- 
18 
°L.HLLL.--H. 
-----t-I- 
19 
°LHLLL.--HH--- 
---H 
20 
oLL.I/LL- 
- 
-------H- 


21 
0I.LHLL--------H-- 
22 °LI.HL 
L-------/1--- 
23 °L.LHI.L----------H 
24°/1---L----------- 
25°----1/----------- 
2610----- 
•..•.. 
--- 


27 
28 


29 
30 
31 


Fe 
- 
La 


LA 


07 
° 
0000000000 
o. 
° 
0 0 0 0 
0 0 0 0 0 0 
Os 
° 0 10 0 0 0 0 0 0 0 0 
D. 
° 
0 0 0 0 0 0 0 0 0 0 
0,°0000000000 
0, 
0, 


Do 


00 
00 
00 
00 
00 


0000 
0000 
0000 
0000 
0000 


617161514 
~PC.B* 
rI 
~ 


POLARITY 
I 
I 
I 
11/ 


OR 
O(N 
P 
B 0) 
321 
0 B A B A 7 6 543 
2 
1 0 


---O-----------A 
--O------------A 


- 
/) 
- 
- 
- 
- 
.- 
- 
- 
- 
- 
- 
- 
- 
- 
Po 


O--------------A 
- 
- 
- 
0 - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
A 
--O------------A 
-0-- 
---------A 
o--------------A 
---1/---------- 
---1/-----------,. 
- 
-- 
10/- 
--- 
-- 
----- 
A 


--1/- 
-----------4 


--1/------------/1 
--1/------------4 
-li-------------A 
-1/---------- 
-A 


-11----------- 
-A 


H--------------A 
H--------- 
-- 
---A 


H 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
A 
--1/ 
- 
- 
A 


H 
--- 
- 
A 
-H-------------A 


Ti 


Signetics 


Author: David Wong 


FEATURES 


• Programmable 
pulse-width/delay 


• Maximum 256 clock cycles 


• Asynchronous 
TRIGGER input 


• Active-High 
and Active-Low 
outputs 


• Asynchronous 
RESET 


• 20-pin package 


THEORY 
OF OPERATION 


The one-shot consists of an FPLS PLS159 
and an external clock which may be part of 
the system in which this one-shot is to work. 
As shown in Figure 1 and Table 1 the FPLSis 
configured to have a latch and an eight-bit 
binary up counter which is presetlable by 
input data to any number less than 256. Since 
the input data is inverted before it is loaded 
into the registers, counting from the comple- 
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ments of the input to FF will give the correct 


number 
of counts 
as counting 
from 
the 
input 
down to 00. 


Pulse-width/delay inputs may be the outputs 
of another device or switches. When /RESET 
goes Low, flip-flops are set to all 1's (terms 
PB and PAl. At the rising edge of the next 
clock, data is latched into the registers (terms 
LB and LA). When /TRIG goes Low, it is 
latched into the input latch formed by term # 
0, 1, 2 and 13. The output a, of the latch 
goes High and 02 goes Low which enables 
the B-bit counting cycle. The a, and /0, will 
maintain their output levels until the end of 
the counting cycle at which time the counter 
reaches the count FF, resets the latch by 
term # 13, and sets O2 High. At the rising 
edge of the next clock, terms LA and lB 
cause data to be loaded again into the 
registers, and the device is ready for another 
/TRIG input. The output wave-forms are illus- 
trated in Figure 2. 


COUNT 
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a, 
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a, 


INPUT 


F, 
a, 


F. 
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F. 
O. 


F. 
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F, 
a, 


If the /TRIG pulse-width is longer than the 
desired pulse-width of the one-shot, the de- 
vice will react as mentioned above, and at the 
end of the count cycle new data will be 
loaded, another count cycle begins while the 
outputs remain set by the /TRIG input without 
changing throughout the change-over of one 
count cycle to another. 0,., on the other 
hand, will go Low for one clock period at the 
change-over. As long as the /TRIG is Low, 
a,. will continue to pulse Low for one clock 
period at the change-over of one count cycle 
to another. The output 02 will pulse High for 
one clock cycle at the change-over. Figure 2 
illustrates output wave-forms for both cases. 
The output wave-forms are as illustrated in 
Figure 2. 


The one-shot is implemented by program- 
ming the PLS159 as shown in Table 1. The 


logic representation 
of the program 
is shown 


in Figure 3. 
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COMMENTS, 
This one-shot 
will load data at the end of the count cycle. If TRIG pulse-width 
is longer than the count cycle, output 63 will go Low for one clock period and go High again for another 


count 
cycle. 
Outputs 
62 and 
60 
stay Low and 
High respectively 
until TRIG 
goes 
High and 
count 
cycle 
is completed 
without 
interruption. 
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DESCRIPTION 
Using the simple AND, OR and INVERT logic 
functions of the PLS153, memory functions 
such as latches and edge-triggered flip-flops 
may be implemented with a relatively small 
part of the chip and without external wiring. In 
this application note, we will discuss the 
implementation of two R-S latches, aD-latch, 
an edge-triggered R-S flip-flop, and an edge- 
triggered 0 flip-flop. 


INTRODUCTION 
TO PLS153 


To implement this function, let's first take a 
look at the PLS153 logic diagram and its 
programmingtable as shown in Appendices A 
and 8. On the left side of the logic diagram 
(Appendix A) are eight dedicated inputs, 10to 
17, each of which has a true and a comple- 
ment output. Each output is connected to the 
inputs of 32 AND functions (we will call them 
AND-terms from now on), the outputs of 
which are, in turn, connected to the inputs of 
ten OR functions. The output of each OR 


function 
is 
connected 
to 
one 
input 
of 
an 


Exclusive-OR 
function, 
which 
is in turn 
con- 
nected to a non-inverting output buffer. The 
function of the XOR is to control the output 
polarity. The output, in its virgin state, is non- 
inverting, since one side of the XOR is 


AN14 
Latches 
and 
Flip-Flops 
With PLS153 


connected to ground by the fuse Xn, where 
n ~ 0, 1, 3...9. To have the output inverted, 
one needs only to blow fuse Xn open so that 
the Xn input is unconditionally High. The 
output buffers are all three-state buffers 
which may be enabled or disabled by their 
corresponding AND gates. The output buffers 
are disabled in their virgin state. All pins 
labeled "8" 
are bidirectional. Input buffers of 
the "8" 
pins are identical to those of the "I" 


pins. 


The programming table shown in Appendix 8 
emulates a truth table. All the inputs to the 
device are positioned on the left side, and all 
the outputs are on the right side. Each row in 
the table corresponds to an 18-input AND- 
term with up to ten outputs. On the left side, 
or the input side of the table, each column 
represents an input. The 18 columns repre- 
sent input buffers 10 to 17, 80 to 89' To 
distinguish between inputs and outputs of the 
bidirectional pin, 8(1) is used for input and 
8(O} is used for outputs as shown in the 
programming table. On the right side of the 
table, each column represents an output 
circuit (8(0)0 _9) which consists of an OR 
gate, an XOR, and a non-inverting three-state 
buffer. The output buffers are controlled by 
AND-terms Doto 09, the inputs of which may 
be connected to any number of the 18 inputs. 


The polarity of the outputs is defined by the 
POLARITY entries which are on the upper 
right corner of the programming table. 


To program the inputs to the AND-terms, an 
"H" will cause the fuse of the inverting input 
buffer to be blown, leaving the non-inverting 
buffer connected to the AND-term; an "L" 
will do the opposite. A " -" 
will cause both 
fuses to be blown, and therefore the pro- 
grammed input is a "Don't care". A "0", the 
virgin state of the device, has both fuses 
intact, which causes the output of the AND- 
term to be unconditionally Low. 


To program the outputs, a "." 
causes the 


fuse that connects the output of AND-term to 
the input of an OR to be blown and thus 
renders the output inactive. An "A" 
causes 


the fuse to remain intact and thus the output 


is active. 


The output polarity of each output buffer may 
be programmedby entering an "H" or an "L" 
in the POLARITYsection. An "L" causes the 
XOR to blow its grounding fuse and become 
inverted, whereas an "H" 
leaves the fuse 


intact and the output is non-inverted. 


To AND several inputs, we put them in a row; 
to OR several inputs, we put them in different 


rows, as shown 
in illustrations 
in Appendix 
B. 


SIMPLE R-S LATCH 
A simple R-S latch may be formed by cross- 
coupling two NAND functions together as 
shown in Figure 1. 


As an illustration, let's assign the input R to 10 
of the PLS153, input S to I" output Q to 80, 
and output Q to 8,. As shown in Table 1, to 
form the NAND gates we need to program 
the POLARITY Low on 8(0)0 and 8(0),. 
To 


unconditionally enable the output buffers, we 
"dash" out all inputs to Doand D,. As for the 
inputs, we put an "H" 
on 
10, term-O for the 


input R, non-inverted; another "H" 
on 8(1)" 
term-Ofor the feedback from Q. In the same 
manner, we program I" 
term-1 and 8(0)0 
"H". The POLARITY, rows 0,1, 
Do and D" 
forms a "truth table" 
with which one can 


analyze his own or someone else's design. 
The program in Table 1 may be illustrated as 
shown in Figure 2. 


CODE NO. 
POLARITY 


111111 
ILIL 


T 
AND 
OR 


E 
I 
Bill 
BiOI 
R 
M 
765 
4 3 2 
1 0 9 8 7 6 5 413 
2 
1 o REMARKS 
9 8 7 6 5 4 
3 2 
1 0 
REMARKS 


0 - - - - - - - H - - - - - -:- - H - 
• •....••• 
A 
(;j",/('fl.. is) 


1 - - - - - - H - - - - - - -:- - - H 
..•••• 
• • A .Ir.;=/(s·~'l 


2 
• 


3 
: 


4 


I 


5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
D9 
IT\TI 
08 
I 
I I I I I I I 


07 
I 
I 
1 
I 
I 
I I I I I I 


06 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I I 


05 
I 
I 
I 
I 
I I I 
I 
I 
I I 


04 
I 
I 
I 
I I 
I 
I I 
I 
I 
I 


03 
I 
I 
I 
I 
I 
I I 
I I I I 
. 


02 
: 
I 
I 
I I 
I 
I I 
I I I I 


01 - - - - - - - - - -'- - - - 
- - - 
I 
I 
I 
I 
I 
I 
I 
I I 
I I 


DO - - - - - - - - - - - - - - - - - - 
I 
I 
I 
I 
I 
I I 
I I 
I I 
C"') 


PN 8 7 6 5 4 3 2 
1 19 18 7 16 15 1413 12 11 9 
19 1817 1615 14 1312 11 9 
Lt') 


II) 
T"" 


:.:: 
r 
C/) 
a: 
~ 


< 
,;.~e 
-I 


::Ew 
r:.~ 
0.. 


a: 
0101 
';e 
.e~ 
cO 00 


ANOTHER 
SIMPLE 
R·S LATCH 


Another way to implement a simple latch is 
shown in Figure 3, in which two NOR func- 
tions are cross·coupled 
to form a latch. 


As with the previous example, we first define 
the input and output pins. For this example, 
we use 12 for the R input, 13for the S input, B2 
for the Q output, and B3 for the 0 output. We 
program B2 and B3 to have inverted outputs 
by programming 
POLARITY 
of B2 and B3 
Low, as shown in Table 2. Terms 6 and 7 are 
ORed together by B(0)2, rows 6 and 7. In the 
same manner B(Ob ORs Terms Band 9. The 
programmed 
table 
of 
this 
design 
may be 


represented 
as shown in Figure 4. 


Since 
each AND·term 
of the 
PLS153 
can 


accommodate 
up to 1B inputs (true or invert- 


ing inputs of eight from 10 to 17 and ten from 
Bo to 
B9), 
and 
each 
OR 
circuit 
can 
be 


connected to up to thirty-two AND-terms, we 
can add additional 
features 
such as those 


shown in Figure 5. 


The programming of this design is left to the 
reader as an exercise. 


CODE 
NO. 
POLARITY 
I 
I 
I 
L1L 
LTI. 


T 
AND 
OR 


E 
I 
BI 
BOI 
R 
M 
765 
4 
3 
2 
1 
0 
9 
817 
6 
5 
413 
2 
1 0 
REMARKS 
9 
8 
7 
6 
5 
4 
3 
2 
1 0 
REMARKS 


0 - - - - - - - Ii - -' - - - - - - Ii - 
R'~ 
• ·• • • • • • 
• A i=!(I<'Q) 


1 - - - - - 
- 
l-I 
- - -'- - - - - - - H 5·Q 
·• ·• • • • • A. 
;/(s, CJ ') 


2 
3 
4 
5 
6 - - - - - H - - - - - - - - - - - - 
'R 
······ • 
A 
• · 
Q~/(I<-t~) 


7 
- - - - - - - - - - - - - 
- 
H - - - ~ 
··· • · • 
• 
A 
• · Q:/(I<t~) 


8 - - - - - - - - - - - - - - - H - - 
ill 
· • ··· • A .. • 
i5=/("t5) 
9 - - - - H - - - - - - - - - - - - - 
'3 
······ 
A • . • I "i5:/(ChS) 
10 
11 
12 
13 
:- 


14 
I 
. 


15 
; 


16 
. 
: 


17 
: 
i 


18 
: 
T 


19 
: 


20 
: 


21 
: 


22 
I 


23 
, 


24 
: 


25 
, 
; 


26 
~ 


27 
~ 


28 
29 


30 
31 
09 
IT'TI 
1 
08 
I 
I 
1 
I I 
1 
1 


07 
I 
1 I 
I 
1 
I 
1 
1 I 
1 
1 
. 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
06 
: 


05 
: 
I 
I 
I 
I 
1 
I 
I 
I I 
1 
1 


04 
. 
I 
I 
I 
1 
I 
I 
I 
I 
1 
1 
1 


03 
I 
I 
1 
I 
1 
1 
1 
1 
1 
I 
I 


02 
I 
I 
I 
I 
1 
I 
I 
I 
I I 
1 


01 
- 
- - - - - - 
I 
I 
I 
I 
1 
I 
I 
I I 
I I 
- - - - 
- - 
- - - - - 


DO - - - - - - - - - - - - - - - - 
- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
('t) 


PN 
8 
7 
6 
5 
4 
3 
2 
1 1918 1716 15 1413 12 11 9 
1918 1716 1514 
1312 11 9 
LO 


en 
,... 


:><: 
en 
r:r 
<t 
-1- 
..J 


:ii 
~d 
0- 
w 
~ ~ 


r:r 
",01. ",Q(. 
\0 
0 
.. " ~.; 
0-10 
cOdl 


D·LATCH 
A simple D-Iatch can be constructed with an 
PLS153 as shown in Figure 6. 


This circuit may be easily programmed 
into 


the PLS153 as shown in Table 3. The pro- 
gram may, in turn, be represented as shown 
in Figure 7. 


This circuit may be expanded to have multiple 
D-Iatches using the same latch enable (LE). 


R-S FLIP-FLOP 
Two R-S latches may be combined to form a 
master-save flip-flop that is triggered at the 
rising-edge of the clock (or the falling-edge of 
the clock, if the designer so desires). Figure 8 
shows a combination 
of two sets of cross- 


coupled NOR gates concatenated to torm the 
flip-flop. 
The Implementation 
of this circuit 
using PLS153 is as illustrated in Table 4 and 
Figure 9. 


CODE 
NO. 
POLARITY 
I I I 
IHIL.lLl 
L1L 


T 
'" In 
- 
OR 


E 
1 
BI 
8(0) 
R 
M 
7 
6 
5 
4 
3 
2 
1 
0 
9 
8 
7 
6 
5 
413 
2 
1 0 
REMARKS 
9 
8 
7 
6 
5 
4 
3 
2 
1 0 
REMARKS 


0 - - - - - - 
- ii.! - - - - - -:- - H - 
1/.00 
• • • • • . • ·• A /(R°f;) 


1 - - - - - - H - - - - - - -'- - 
- 
H 
SoQ 
• • • • • .·• A .1/(s.Q) 


2 
, 


3 
4 


5 
. 


6 - 
.. - - - 
H - - - - 
.. - - - - - - - It 
• • • • • .:. A • · 
/(Rt~) 


7 - - - 
.. - - - - - - - - - 
- 
)oj - - - 
is 
• • ··• ... A • • 


8 - - - - - - - - - - - - .. - - 
H - - G 
• • • • • ·:A • ·• I(tH-S) 


9 - - - - 
H - - - - - - - 
.. 
.. 
.. - 
.. - ~ 
• • • • • .:4 • ·· 
10 
, 


11 - 
lot H 
.. 
.. - - 
- - - - - - - 
.. - - L£ 'D 
·····A'· ··· 
L(L£.!lt- 


12 - L - - - - - 
.. - - - 
.. - 
H - - - 
.. 
LE' Q 
····· 
A ··· • IJ 
LE00) 
13 
: 


14 
, 


15 


16 
17 
, 


18 
: 
, 


19 
: 
: 


20 
: 
: 


21 
: 
: 


22 
: 
: 


23 
: 
: 


24 
: 
: 


25 
: 
: 


26 
· 
: 


27 
· 
: 


28 
· 
I 


29 
I 
: 


30 
· 
. 


31 
09 
, 
,T'T' 
08 
I 
1 
I I I 
1 
I I 


07 


I 
I 
I 
1 
I 
I I I 
1 
I 
1 


06 


I 
I 
I 
I 
I 
I 
I 
1 
I 
I I 


05 


I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 


04 
.. 
.. - 
.. 
.. - 
.. - - - - 
.. 
.. 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I I 
-.- 
.. 
.. - 


03 
.. 
.. - - - 
.. 
.. - 
.. 
.. - - - 
1 
I 
I 
1 
I 
1 
I 
1 
1 
I I 
- 
.. 
.. - - 


02 
.. 
.. - 
.. - 
.. 
.. 
.. 
.. 
.. - 
.. 
.. 
.. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
- 
- 
.. - 


01 
.. - 
.. 
.. - 
.. 
.. 
.. 
.. - 
.. - - 
.. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
- - 
.. 
.. 


DO - 
.. - - - 
.. - 
.. 
.. - 
.. - - 
.. 
.. - - 
.. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
C") 


PN 
8 
7 
6 
5 
4 
3 
2 
1 19 1817 1615 1413 12 11 9 
1918 1716 1514 
1312 11 9 
It) 


(/) 
T"" 


:.:: 
en 
a: 
c( 
...J 


~ 
a. 
w 
':Ie. 
II: 
"'oc 
<l\Q/. 
0"10 e!t<l 
0" 
.•. ~.01..: ,Q 
<0'" 


POLARITY 
I I I I I ILILILIL 
AI 
OR 
1 
811 
8/0\ 


7 6 5 
4 3 2 1 0 9 8 7 6 5 4 3 2 
1 0 REMARKS 
9 8 7 6 5 4 
3 2 1 0 
REMARKS 


- 
- 
- 
- 
- 
L 
- 
W 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
~. 
R 
••• 
• 
• 
• 
• 
• 
• A/CR. 
fJC. t ~.' 
----------------ll-&. 
• •••••••• 
" 


- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
H 
&. 
• 
• 
• 
• 
• 
• 
• 
• 
A • 
'/(5· 
C"'- t 1lo) 


- 
- 
- 
- 
- L. H - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
~I(.. S 
• 
• 
• 
• 
• 
• 
• 
• A • 


T 
~ 
M 
o 
1 
2 
3 
4 
5 
- - - 
- 


6 
---- 


7 
---- 
--------- 
--1'1-- 


8 
---- 
-1'\----------14- 


9 
10 
11 
12 
,13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
09 
08 
07 
06 
05 
04 
03 - 
- - 
- 
- 
- 
- 
- 
- - 
- 
- 
- 
- - 
- - - 


02 - - - - - - - - - - - - - - - - - - 
01------------------ 
00------------------ 
PN 8 7 6 
5 
4 
3 2 
1 19 18 17 16 15 14 13 12 11 9 


. 
-1'1----'- 
------,- 
I!J(.$. 
• • 
"5 
• • 
&~ 
• • 
t,,· 81 ·• 


·····A·· 
·····A·· 
····A··· 
·.··A 
... 


I 
,T1l" 
I 
1 
I 
I 
1 I 


I 
I I I 1 I I 
II 
I I 


I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
1 


I I I 1 I I I I I I I 
I I : I I I I I 1 I I 


1 
1 
II 
I 
I 
I 
1 
I I I 
1 1 I 
I 
I 
I 
I 
I 
I 
I I 
I 
I 
I I I I 
I 
I I 
1 I 
I I I I I I I I I I I 


19 18 17 16 15 14 13 12 1119 


D FLlp·FLOP 
An 
edge-triggered 
master-slave 
0 
flip-flop 
may be constructed with two D-Iatches in the 
manner shown in Figure 10. 


An PLS153 may be programmed as shown in 
Figure 11 to implement the 0 flip-flop which is 
equivalent to the circuit shown in Table 5 in 
the PLS153 logic representation. 


COOENO. 
POLARITY 
I 
I IHIHILIL 
LIL 


T 
AND 
OR 


E 
I 
BI 
BOI 
R 
M 
7 6 5 4 3 2 
1 0 9 8 7 6 5 4 3 2 
1 0 REMARKS 
9 8 7 6 5 4 
3 2 
1 0 
REMARKS 


0 - - - - - L - H - - - - - - - - - - 
R·C!IC. 
.• • • .• . • • A 
/(lI..Cl<.tB.) 


1 - - - - - - - - - - - - - - - - H - 
~f 
• • • .• • • • 
• 
A 


2 - - - - - - - - - - - - - - - - 
- 
H a. 
IA 


3 - - - - - L 
H - - - - - - - - - - - S·t~ 
A 


4 
5 - - - - - H - - - - - - - - - - - H 
CI(' &. 
A 
/(8.' 
CI<T Q) 
6 - - - - - - - - - - - - - - H - - - 
Q 
• 
A 


7 - - - - - - - - - - - - - - - H - - 
'S. 
A 
/(g,. ens.) 
8 - - - - - 
H - - - - - - - - - - H - 
fwC-1'. 
. 
A 


9 
10 
11 - - - L 
H - - - - - - - - - - - - - 
Ck.· () 
A 
(CK·!:>tCK· 
12 - - - 
1-\ - - - - - - - - - 
H - - - - 
l'.K.8. 
A 
a:;') 
13 - - - -. - - - - - - - - - - - - - - 
14 - - - H~- - - - - - - - - H - - - - 
C-K·e. 
A 
(~. 
8<tCl(· 


15 - - - 
L ,_ - - - - - - - H - - - - - 
c/(· Q 
A 
~) 


16 
! 
17 
. 


18 
~ 


19 
: 


20 


I 


21 
: 


22 
~ 


23 
~ 
; 


24 
~ 
;- 


25 
: 
: 


26 
I 
: 


27 
I 


28 
! 


29 
I 
I 


30 
. 


31 
09 
,T'TI 
08 


1 
I I I 
I I I I 


07 
I 
I 
I 
I 
1 
I 
I 
I I I I 


06 
I 
I 
I 
I 
1 
I 
I 
1 
I 
1 
I 


05 - - - - - - - - - 
- - - 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I I 
- 
- - - - - 


04 - - - - - - - - 
- - - - - - - 
- 
I 
I 
I 
I 
I 
I 
I I I 
I I 
- 


03 - - - - - - - - - - - - - - - - - - 
I 
I 
I I 
I 
I 
1 
I I I I 


02 - - - - - - - - - - - - - - - - - 
I 
I 
I I 
I I 
I 
I I I I 
- 


01 - - - - - - - - - - - - - - - - - - 
I 
I 
I 
I 
I 
I 
I 
I I I I 


DO - - - - - - - - - - - - - - - - - - 
I 
I 
I 
I 
I 
I 
I 
I I 
I I 
C"') 


PN 8 ] 
6 5 4 3 2 
1 19 18 716 1514 1312 11 9 
1918 1716 1514 1312 11 9 
It) 


en 
T"'" 


:.::: 
en 
a: 
<t 
:s 
~ 
..J 


:i: 
'" 
N 
1:!1 
co 
10 
~ 
Q. 
w 
>J. 
>J. 
~..r 


II 
II 
a: 
c)~ 
<:Jill"" 
elo- di~ 
'" ... .., ..leO .t 
<010 <Cd:> 


, 
, 
I, 


• 


2 
··• 


7 


•· 
'" 
".. 


eo 


I' 
-f- 
,...... 


e, 
, 
- 


B, 
I 
I 
,I 
, 


B, 
, 
" 
~ 
I>-- 


B, 


1, 
l>-- 
, 
+-'---4 


e, 
l>-- 


B, 
I>-- 


e, 
, 
I 
I>- 
, 


B, 
, 
: rr-i"T1' 


l>- 


B. 
I 
I 
I 
J 
S, yo, 
O. 
07 0. o,?ojo, 
D) 0, 
B 
I 
x, 
S, 
! 


X, 
2. 
S, 
i 
I 
x, 
.. 
S, 
, 


1 
' I' .. 
20 


S, 
I 


! 
I' 


x, 
" 
, 
S, 


I 
I 
I 
x, 
.. 


I 
S, 


I 
I 
I, 
x, 
" 
S, 


I 
1 
I 
! 
! 
x, 
.. 
S, 


I 
I 
I 
i 
, 
x, 
.. 
, 
So 
'..'. 
, 
1 
, 
I' 
XO 
.. 
....... 
....... 


NOTES: 
1. All programmed 
"AND" 
gate 
localtons 
are 
pulled 
to logic 
"1", 


2 
All programmed 
"OR" 
gate 
locations 
are pulled 
to logiC 
"0" 
3 
Programmable connection. 


T 
~ 
M 
o 
1 
2 
3 
4 
L L L L - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- - A.~·e:·t> • A ••• 
A •• 
• • 
Y:A·'i·c;·1> 


5 
u~~~ 


6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
09------------------ 
08------------------ 
07 
- 
- 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


06 
05 
----------------- 


04 
03 - - 
- 
- 
- 
- 
- 
- - 
- - 
- 
- 
- 
- - - 
02 
D1 
DO 
PN 8 7 6 5 4 3 2 
1 19 1811716 1514 13 12 11 9 


POLARITY 
HIHIHIHIL.lLILIHIH 
H 
OR 
BIOI 
1 0 REMARKS 9 8 7 6 5 4 
I 
Bj 


765 
4 3 2 1 0 9 8 7 6 5 4 3 2 


••"''''H------------ 


3 2 1 0 
REMARKS 
• • • • l)( = A.~.e·[) 


T":/CA.a.e·J) 


-HL- 
- 
-H-L- 


- 
- 
L. L - 
- - - - - - - - - - - - 
~.C!. 
• · 
A • ·• A • • • 
%= (ll·lt-B.t> 


- - - - - - - - - - - - - ~.~ 
• • A ·• • A • • • 
l.t» 


- - - - - - - - - - - - - e..'6 
• • A • ·• A • • • 
'{:/(a·Et",D 
+ ~.l» 


I ,T1l" I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 
11111111111 
I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 


19 18 17 16 15 14 13 12 11 9 


R-S LATCH (Cross-Coupled 
NOR) 
See Figures 3 and 4 and Table 2 


D-LATCH 
see Figures 6 and 7 and Table 3 


EDGE-TRIGGERED R-S Flip-Flop 
See Figures 8 and 9 and Table 4 


R-S LATCH (Cross-Coupled 
NAND) 
See Figures 1 and 2 and Table 1 


Typical set-up time ~ Ons 
Typical hold time ~ 0 - Sns 
Typical propagation 
delay ~ 20ns 


EDGE-TRIGGERED 0 Flip-Flop- 
See Figures 10 and 11 and Table 5 


Signetics 


INTRODUCTION 
The PLS159 is a field programmable logic 
sequencer which consists of four dedicated 
inputs, four bidirectional I/O's, eight flip-flops, 
thirty two 16-inputAND gates, twenty 32-input 
OR gates, and a complement array. Each flip- 
flop has a bidirectional I/O 
and may be 


individually programmed as J-K or D flip-flop, 
or switch between the two types dynamically. 
The flip-flops will accept data from the inter- 
nal logic array or from the bidirectional I/O, or 
they may be set or reset asynchronously from 
the AND array. The output polarity of the four 
bidirectional I/O's are programmable and the 
direction is controlled by the AND array. 
Figure 1 is the logic diagram of PLS159. 


PROGRAMMING 
THE 
PLS159 


The programming table is shown in Table 1 
where there is a place for everything that is 


AN15 
PlS159 
Primer 


shown in Figure 1. The program table is 
basically divided into two main sections. The 
left hand side of the table, section A, repre- 
sents the input side of the AND gates, while 
the right hand side, section B, represents the 
OR gates sections which includes the f1ip- 
flops and the combinatorial outputs B(O) to 
B(3). The flip-flops modes are defined in 
section C and the output polarities of the 
combinatorial outputs are defined in section 
E. The programming symbols are detailed in 
Figure 2. 


As shown in Table 1, the programming table 
is very similar to a truth table. Each column in 
section A represents an input to the 32 AND 
gates, and each row represents an AND gate 
connecting to 17 inputs. Columns 10 to 13 
represent the 4 dedicated inputs, 10 to 13. 
Columns B(I)oto B(lh represent the inputs of 
the 4 bidirectional I/O, Bo to B3. Columns 


Q(P)oto Q(P17represent the feedback, Fo to 
F 


" 


from the flip-flops (the present state). 


Column "C" 
represents the complement ar- 


ray. 


As shown in Figure 1, the outputs of the AND 
gates are connected to an array of OR gates 
which, in turn, are connected to either flip- 
flops or output circuits. Columns Q(N)o to 
Q(N17represent the next state which the f1ip- 
flops will be in. Columns B(O)o to B(Oh 
represent the combinatorial outputs Bo to B3. 


Each row represents an AND gate with 17 
inputs each of which may be true and/or 
complement and is, therefore, a perfect de- 
coder. Referring to the programming symbols 
in Figure 2, to implement the equation 
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The FPLS can be programmed by means 
of Logic Programming equipment. 


With Logic programming, the AND/OR-EX- 
OR input connections 
necessary to imple- 


ment the desired logic function are coded 
directly from the State Diagram using the 
Program Tables on the following 
pages. 


In these Tables, the logic state or action of 
all I/O, control, and state variables is as- 
signed a symbol which results in the proper 
fusing pattern of corresponding 
links de- 


fined as follows: 
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NOTES: 
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2. Any gate (T, Fe. L, P, R, D)n will be unconditionally inhibited if anyone 
of the I, B, or Q link pairs is left intact. 


3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn, Fe. 
4. En = 0 and En = • are logically equivalent states, since both cause Fn outputs to be unconditionally 
enabled. 


5. These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" 
array links. 
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Notice 
that only 
10to 13on the left hand 
side 


and B(0)4 
on the right hand side have entries 


to 
implement 
the 
equation. 
All 
unused 
col- 


umns 
are 
dashed 
out 
or dotted 
out. 


To 
implement 
the 
equation 


enter 
one 
line 
as shown 
in Table 
2, term-2 


where 
the 
entry 
"H" 
represents 
the 
non- 


inverting 
input 
buffer 
while 
the 
entry 
"L" 


represents 
the 
inverting 
buffer. 
To 
have 
the 


AND gate to be unconditionally" 
High", 
dash 


out all the inputs 
of that 
particular 
AND 
gate 


as 
shown 
in 
Table 
2, 
term-4. 
The 
virgin 


condition 
of the device, 
as shipped 
from 
the 


factory, 
has 
all 
connections 
intact, 
which 


means 
that 
the 
inverting 
and 
the 
non-invert- 


ing buffers 
of the same 
inputs 
are connected 


together. 
Such 
connection 
will 
cause 
the 


AND 
gate 
to 
be 
unconditionally 
"Low" 
as 


shown 
in 
Table 
2, 
terms 
6 
and 
7. 
The 


unconditional 
High 
and 
Low 
states 
are 
nor- 


mally 
useful 
only 
internally 
and 
seldom 


brought 
out 
to 
the 
output 
pins. 


To 
implement 
the 
equation 


W ~ A 
• 
IB + C 
• 
10, 


enter 
one line for A • IB 
and another 
line for 


C' 
10 as shown 
in Table 
2, terms 
9 and 
to. 


Use one line to AND something 
together; 
use 


different 
lines 
to 
OR 
something 
together- 
one 
line 
per 
item 
to 
be 
OR' ed. 


All the pins which 
are labelled 
B's are bidirec- 


tional 
110 pins. Their 
input 
buffers 
are repre- 


sented 
by the 
B(I) columns 
on the 
left 
hand 


side of the programming 
table. 
An "H" 
entry 


represents 
the 
non-inverting 
buffer 
and 
an 


"L" 
entry 
represents 
the 
inverting 
buffer. 


Their 
output 
buffers 
are 
represented 
by the 


B(O) 
columns 
on the 
right 
hand 
side 
of the 
table. 
An "A" 
entry 
means 
that 
the output 
is 


active 
(connected 
to the 
AND 
gates); 
a "." 


entry 
means 
that 
the 
output 
is inactive 
(not 


connected). 
The outputs 
may be programmed 


to be inverting 
or noninverting. 
The 
polarity 
of 


each output 
is determined 
by its exclusive 
OR 
gate 
(Figure 
1 and Figure 
2). To have 
a non- 


inverting 
output, 
enter 
an "H" 
in the section 


labelled 
"POLARITY" 
(Table 
t, 
Section 
E). 


To have an inverting 
output. 
enter an "L" 
. For 


example, 
Table 
3, terms-O 
and-2 
implement 


the 
equation 


respectively. 
The 
above 
two 
equations 
may 


also 
be implement 
by term-4 
which 
uses 
the 


same 
AND 
gate 
to 
drive 
two 
OR 
gates. 


Besides 
being 
able 
to 
have 
programmable 


Active-High 
or 
Active-Low 
output, 
the 
pro- 


grammable 
output 
polarity 
feature 
also 
low 


output, 
the programmable 
output 
polarity 
fea- 
ture also allows 
the user to minimize 
his AND 


term 
utilization 
by converting 
his logic 
equa- 


tion 
into other 
forms 
such 
as conversion 
by 


De 
Morgan 
Theorem. 


For 
example, 
the 
equation 


takes 
four AND terms 
to implement 
as shown 
in Table 
3, terms 
6 to 9. By using 
De Morgan 


Theorem, 
the 
same 
equation 
is changed 
to 


IW = I A • IB 
• IC • 10 


The 
result 
is as shown 
in term 
11 - a saving 


of three 
AND 
terms. 
The 
output 
buffers 
are 


disabled 
in their 
virgin 
states 
so that they 
all 
behave 
as inputs. 
The buffers 
are enabled 
or 


disabled 
by their 
corresponding 
Control 
AND 
terms 
Do to 03 
(see 
Figure 
1). The 
Control 


AND 
terms 
are 
represented 
in the 
program- 


ming 
table 
on the 
last 
four 
rows 
on the 
left 


hand 
side. 
Dashing 
out 
all 
the 
inputs 
will 


cause 
the output 
buffer 
to be unconditionally 
enabled, 
whereas 
a "0" 
(zero) 
will cause 
the 


buffer 
to 
be 
unconditionally 
disabled. 
The 


buffers 
may 
also 
be controlled 
by a logical 


condition, 
e.g. 
A • IB 
• IC, 
etc. 


There 
are eight 
flip-flops 
on the chip each 
of 


which 
may be programmed 
as a J/K 
or a 0 
flip-flop, 
or 
they 
may 
be 
programmed 
to 


switch 
dynamically. 
As 
shown 
in 
Figure 
1, 


each flip-flop 
is a J/K 
to begin with. A tri-state 


inverter 
is connected 
in between 
the J and K 


inputs 
of each 
flip-flop, 
which 
when 
enabled 


by the AND gate Fe, will cause 
the flip-flop 
to 


function 
as 
a 
0 
flip-flop. 
The 
Inverters 
are 


enabled 
by Fe through 
fuses 
Mo to M7. A "." 


in the 
FIF 
Mode 
entry 
of 
the 
programming 


table 
means 
that 
particular 
fuse 
is 
to 
be 


disconnected 
and that particular 
flip-flop 
is to 


be J/K. 
An "A" 
entry 
will leave 
the M fuses 


intact, 
which 
allow 
the flip-flop 
to be 0 or J/K 


as controlled 
by the output 
of Fe (see 
Figure 


2, 
"OR" 
ARRAY 
- (MODE)). 
The 
inputs 
to 


the flip-flops 
are represented 
by the program- 


ming table 
as the next state, 
Q(N)o 
10 7 since 


their 
inputs 
are 
from 
the 
OR 
array. 
The 


outputs 
of these 
registers 
are 
connected 
to 


their 
respective 
tri-state 
inverting 
output 
buf- 


fers, 
four 
of which 
are controlled 
by EA and 


the other 
four 
by EB. A "." 
in EA will enable 


outputs 
Fo to F3' whereas 
a "-" 
will disable 


them. 
An "A" 
will allow 
the output 
buffers 
to 


be controlled 
by IDE, 
pin 11. Table 
4, terms 


0, 1 and 3 represent. 
the following 
equations 


Qo: J ~ A • C + lB' 
IE 


Qo: K ~ A' 
IC 


eq. 


eq.2 


Notice 
that 
the 
J 
input 
in 
equation 
1 
is 


represented 
by the "H" 
entry 
in terms-O 
and 


1, column 
Q(N)o while the K input in equation 
2 is represented 
by the "L" 
entry 
in term-3, 


column 
Q(N)o. 
An undefined 
input, J or K, is 


considered 
"Low". 
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A D flip-flop may be implemented by first 
entering an "A" 
in FIF MODE. Then enter 


"0" in the row Fe, which will unconditionally 
enable the tri-state inverter between the J 
and K inputs. The following logic equation 
may be implemented as shown in Table 4, 
term 5 
a,: D=/A' 
lB' 
IC+E. 


Notice that the entries in term 5, columns 
O(N)a to 7 are "A" 
and "." 
instead of "H" 
and "L" 
as in the case of J/K 
flip-flops. The 
entry "A" 
will cause the fuse connecting to 
the "K" input to be disconnected and the "J" 
fuse to be intact. Whereas the entry"." 
will 
cause both fuses to be disconnected. This 
feature enables the user to quickly recognize 
the mode in which the flip-flops are operating 
without 
having to go through the 
control 


terms. Some commercially available device 
programmers in the market may not have the 
software capability to implement this feature, 
in which case an "H" and a "-" may be used 
in place of "A" and "." respectively as shown 
in Table 4, terms 8 and 9. 


Of course, the term Fe may have inputs 
instead of zeros and dashes, in which case 
the flip-flop modes are controlled dynamical- 
ly. 


When both the J and K inputs are" 1's", the 
flip-flop will toggle. A simple 3-bit counter may 
be implemented using only AND terms as 
shown in Table 4 terms 11, 12 and 13. The 
logic equations for the three flip-flops are as 
the following: 
05: T= 1; 
06: T = 05; 
07: T = 05'06; 


(05 toggles unconditionally) 
(06 toggles when 05 = 1) 
(07 toggles when 05 • 
06= 
1) 


The above equations represent an octal up- 
counter. However, since the outputs of the 
flip-flops are inverted, the counting sequence 
of the outputs is that of a down-counter. 


The flip-flops may be asynchronously set and 
reset by the Control AND terms PA/PB and 


RA/RB respectively. As shown in Figure 1, 
PA and RA controls flip-flops Fa to F3, while 
PB and RB control F4 to F7. 


In order to save the number of input pins, the 
eight flip-flops may be synchronously loaded 
directly from their own output pins. To use 
this feature, EA andlor 
EB must be pro- 


grammed "A" 
or "-" 
so that the output 


buffers may be disabled before loading. As 
shown in Figure 1, every flip-flop has an ORI 
NOR gate the 
input of 
which is directly 
connected to the output pin and the outputs 
of the ORINOR are connected to the K and J 
inputs respectively. This ORINOR 
gate in- 
verts the input and feeds it to the flip-flop in a 
"wire-OR" 
fashion. Therefore, when loading 


data directly into the flip-flops from the output 
pins, caution must be exercised to insure that 
the inputs from the OR array does not inter- 
fere with the data being loaded. For example, 
if the data being loaded is a "1" on the output 


pin, the J input will be a "0" and the K input 
will be a "1". 
If, at the same time, a "1" 
is 


present at the J-input from the OR array, the 
flip-flop will see "1's" 
in both J and K inputs. 


It will toggle as a result. The ORINOR gates 
are enabled by the Control AND terms LA 
and LB. LA controls flip-flops Fato F3and LB 
controls F4 to F7. 


All Control AND terms function and are pro- 
grammed in the same manner as the other 
AND terms. The only difference is that the 
Control AND terms are not connected to the 
OR array. 


The outputs of the flip-flops may be fed back 
into the AND array as the present state, O(P). 
The output of the AND array into the OR array 
and the inputs to the flip-flops is the next 
state, O(N). As an example, Figure 3 is a 
state machine implemented in a PLS159 as 
shown in Table 5, terms 0 to 6. 
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Signetics 


INTRODUCTION 
One 
of the 
many 
features 
of the 
PLS 153 
to 


159 
series 
is 
the 
availability 
of 
individually 


controlled 
Tri-state 
I/O 
pins. 
Taking 
advan- 


tage 
of this 
feature, 
a Schmitt 
trigger 
may 
be 


constructed 
using 
one 
input 
pin, 
two 
bidirec- 


tional 
I/O 
pins 
and 
additional 
components 
of 


three 
resistors. 
The 
two 
threshold 
voltages, 


as 
well 
as 
the 
hysterisis, 
are 
determined 
by 


the 
values 
of 
the 
three 
resistors 
and 
the 


parameters 
of the 
PLS153/159 
device, 
which 


are 
1) input 
threshold 
voltage, 
VTH, 2) 
High 


output 
voltage, 
VoH, 
and 
3) Low 
output 
volt- 


age, 
VOL' 
The 
circuit 
may 
be 
simplified 
If 


Schmitt 
function 
is needed 
only 
on Low 
going 


High 
or High 
going 
Low, 
and 
if the 
hysterisis 


and 
threshold 
voltages 
are 
not 
important. 


A simplified 
block 
diagram 
of a non-inverting 


Schmitt 
trigger 
is shown 
in Figure 
1 where 
R" 
Rz, 
and 
R" 
R3' 
form 
two 
pairs 
of 
voltage 
dividers 
one 
of which 
get 
into 
action 
at input 


voltage 
direction 
of 
High 
going 
Low 
and 
the 


other 
Low 
going 
High. 
Assuming 
that 
input 


voltage 
starts 
at zero 
volt, 
the 
output 
voltage 


is therefore 
at VOL which 
causes 
Oz to pull R3 


towards 
ground. 
As 
the 
input 
voltage 
in- 


creases, 
only 
a 
fraction 
of 
the 
voltage 
is 
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impressed 
upon 
the 
input 
buffer 
due 
to 
the 


dividing 
network 
R, 
and 
R3. As 
soon 
as the 


input 
voltage 
reaches 
a point 
where 
V, 
~ VTH 


(VTH ~ 1.38V 
typical), 
the 
output 
switches 
to 


VOH which, 
in turn, 
turns 
off 
Oz and 
turns 
on 


0,. V, 
will 
jump 
to a value 
greater 
than 
VTH 


and 0, 
then 
pulls 
the 
input 
pin, 
through 
Rz, 


towards 
VoH, which 
in turn 
locks 
the output 
to 


a High 
state 
even 
if the 
input 
voltage 
fluctu- 


ates, 
as long 
as it does 
not 
fluctuate 
outside 


of 
the 
designed 
hysterisis. 
When 
the 
input 


voltage 
goes 
from 
a 
High 
to 
a 
Low, 
the 


Schmitt 
function 
repeats 
itself 
except 
that 0, 


and 
Oz 
reverse 
their 
roles. 


The 
triggering 
voltages, 
VH (Low 
going 
High) 


and 
VL 
(High 
going 
Low) 
are: 


VH ~ VTH [(R, + R3)/R31- VOL (R,1R3); 


VL ~ VTH [(R, + Rz)/Rzl- 
VOH (R,/Rz); 
where, 
at 
room 
temperature, 
Vcc = 
5.0V, 


IOH/IOL < 1mA. 
VTH is the 
threshold 
voltage 


of 
the 
device, 
typically 
1.38V; 
VOL 
is 
the 


output 
Low 
voltage 
of 
the 
device, 
typically 


O.36V 
at 
I IOL I < 1mA; 
VOH 
is 
the 
output 


High 
voltage 
of 
the 
device, 
typically 
3.8V 
at 


IIOH I < 1mA 


The 
implementation 
of 
Figure 
1 
using 


PLS153/153A 
is as 
shown 
in Table 
1, and 


Figure 
2a. A scope 
photo 
of the 
operation 
of 


the 
circuit 
is 
shown 
in 
the 
Appendix. 
The 


implementation 
using 
PLS 159 
is 
shown 
in 


Table 
2 and 
Figure 
2b. 
In Tables 
1 & 2, V, 
is 


the 
input 
pin, 
Vo is the 
output 
pin, 
Vz 
is the 


output 
which 
pulls 
down 
V, 
and 
V3 
is 
the 


output 
pin 
that 
pulls 
up 
V,. 
The 
Schmitt 


output 
is available 
at pin 
80 for 
external 
use, 


and 
is available 
internally 
at the 
input 
buffers 


of 10 and 
8(1)0. However, 
there 
is a propaga- 


tion delay 
between 
the two 
signals 
from 
the 10 


buffer 
and 
the 
8(1)0 
buffer. 


An 
inverting 
Schmitt 
triggered 
buffer 
may 
be 


constructed 
using 
the 
same 
principle. 
A sim- 


ple block 
diagram 
of such 
inverter 
IS shown 
in 


Figure 
3a. 
The 
circuit 
is 
implemented 
using 


H/L 
programming 
table 
as shown 
in Table 
3 


for 
PLS153 
and 
Table 
4 for 
PLS159. 
Table 
3 


is also 
represented 
in logic 
symbols 
in Figure 


3b. 
If the 
voltage 
levels 
(VL and 
VH) and 
the 


hysterisis 
are 
not critical, 
one 
I/O 
pin may 
be 


used 
to 
pull 
the 
input 
pin 
High 
and 
Low. 


Therefore 
one 
I/O 
pin and 
a resistor 
may 
be 


saved. 
The 
drawback 
is that 
the 
range 
of VH 


and VL is quite 
limited. 
The 
circuit 
is as shown 


in Figure 
4. 


If 
Schmitt 
function 
is 
needed 
only 
in 
one 


direction, 
one 
of 
the 
resistor/output 
circuit 


may be eliminated. 
The 
circuit is as shown 
in 


Figure 
5. 
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Figure 2. Schmitt Trigger 
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Figure 3. Inverting Schmitt Trigger 
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Figure 5. Schmitt Trigger 


Signetics 


INTRODUCTION 
This application note presents the design of a 
parity generator using Signetics PLD, 82S153 
or 82S153A, which enables the designers to 


customize 
their 
circuits 
in the 
form 
of 
11 sum- 


of-products". The PLA architecture and the 
10 bi-directional 1l0's make it possible to 
implement the 9-bit parity generatorIchecker 


in one 
chip 
without 
any 
external 
wiring 
be- 


tween pins. A logic diagram of the device is 
shown in Appendix A. 


The parity of an 8-bit word is generated by 
counting the number of "1' s" in the word. If 
the number is odd, the word has odd parity. If 


the number 
is even, 
the word has even 
parity. 
Thus, a parity generator designed for even 
parity, for example, will generate a "0" if the 
parity is even, or a "1" 
if parity is odd. 
Conversely, an odd parity generator will gen- 
erate a "0" if the parity of the word is odd, or 
a "1" 
if the panty is even. This bit is then 


concatinated to the word making it 9-bits 
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long. When the word is used elsewhere, its 
parity may be checked for correctness. 


• Generates even and odd parities 
(SUME and SUMo) 


• SUME= "1" 
for even parity, "0" 
for 
odd parity 


• SUMo = "1" 
for odd parity, "0" 
for 
even parity 


• Generate parity or check for parity 
errors 


• Cascaded to expand word length 


The most straight forward way of implement- 
ing the parity generatorIchecker is to take the 
9-input truth table (8 inputs for the 8-bit word, 
and 1 input for cascading the previous stage) 
and put it in a 256 X 4 PROM. Since there 
are 29 combinations and half of them is odd, 


the other half is even, the circuit will take 256 
terms. An alternative is to divide the 9-bits 
into 3 groups of 3-bits as shown in Figure 1. If 
the sum of the 3-bits is odd, then the interme- 
diate output SU1, or SU2, or SU3 equals 1. 
Otherwise it equals O. The intermediate re- 
sults are grouped together and SUMo be- 
comes "1" 
if the sum is odd, otherwise 


SUMo equals "0". The circuit is implemented 
using AMAZE as shown in Figure 3. SU1 is an 
intermediate output for inputs 10,I, and 12,In 
the same manner, SU2 and SU3 are interme- 
diate outputs for 13,14, Is and 16, 17, Ie. The 
design uses up 16 product terms and 5 
control terms leaving 16 product terms and 4 
bi-directional 1l0's to implement other logic 
designs. 


The design is tested by using the 
logic 


simulator provided by AMAZE. The input test 
vector is chosen to exhaustively test for all 8 
input combinations at all 4 sections of the 
circuit. 
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LABEL 
** 
FNC 
**PIN 
--------- 
PIN** 
FNC 
** 
LABEL 
10 
** 
I 
** 
1-: 
:-20 ** 
+5V 
**VCC 
11 
** 
I 
** 
2-1 
:-19 
** 
10 
**SUME 
12 
** 
I 
** 
3-: 
:-18 
** 
0 
**SUMO 
13 
** 
I 
** 
4-: 
8 
:-17 
** 
B 
**N/C 
14 
** 
I 
** 
5-: 
2 
:-16 
** 
B 
**N/C 


15 
** 
I 
** 
6-: 
S 
:-15 ** 
B 
**N/C 


16 
** 
I 
** 
7-: 
1 
:-14 
** 
B 
**N/C 
17 
** 
I 
** 
8-: 
5 
:-13 
** 
0 
**SU3 


18 
** 
I 
** 
9-: 
3 
:-12 
** 
0 
**SU2 


GND 
** 
OV 
** 
10-: 
:-11 
** 
0 
**SUl 
--------- 


Figure 2. Pin List 


******************** 
PARGEN ******************** 
CiDEVICE 
TYPE 
B2sI:53 
@DRAWING 
******************************* 
PARITY 
GENERATOR/CHECKER 
@REVIsION 


@NAME 
@DEsCRIPTION 
********************************************************************* 
* 
This 
circuit 
is 
a 9-bit 
parity 
generator/checker 
commonly 
used 
* 
* 
for 
error 
detection 
in 
high 
speed 
data 
transmission/retrieval. 
* 
* 
The 
odd 
parity 
output 
(SUMO> 
is 
high 
when 
the 
sum 
of 
the 
data 
* 
* 
bit~ 
is 
odd. 
Otherwise 
it 
is 
low. 
* 
* 
The 
even 
parity 
output 
(SUME> 
is 
high 
when 
the 
sum 
of 
the 
data 
* 
* 
bits 
is 
even. 
It 
is 
low 
otherwise. 
* 
********************************************************************* 
@COMMON 
PRODUCT 
TERM 
@I/O 
DIRECTION 


****************************************************-**************** 
* 
SUl, 
5U2 
and 
5U3 
are 
outputs 
which 
are 
defined 
in 
the 
PIN 
LIST 
* 
* 
and 
therefore 
they 
don't 
need 
to 
be 
defined 
here 
again. 
********************************************************************* 


********************************************************************* 
* 
The 
output 
polarities 
of 
different 
outputs 
are 
defined 
in 
the 
* 
PIN 
LIST. 
They 
don't 
have 
to 
be 
defined 
again 
here. 
********************************************************************* 


**********~********************************************************** 
* 
SUl, 
SU2, 
and 
SU3 
are 
intermediate 
terms 
* 
**********~********************************************************** 


SU3 
SU2 
SUI 
SUMO 
18 
17 
16 
SU3 
1:5 
14 
13 
SU2 


12 
11 
10 
SUI 


0 
0 
0 
0 
0 
0 
1 
1 


0 
1 
<) 
1 


0 
1 
1 
<) 


1 
0 
<) 
1 
1 
<) 
1 
<) 
1 
1 
0 
0 


1 
1 
1 
1 


SUI 
/12 * 
I I1 * 
10 + 
112 * 
11 * 
110 
+ 
12 * I I1 * 110 
+ 
12 * 
11 * 
10 
SU2 
11:5 * 
/14 * 
13 + 
11:5 * 
14 * 
113 
+ 
1:5 * 
114 * 
/13 
+ 
15 * 
14 * 
13 


SU3 
= 
liB 
* 
/17 * 
16 
+ 
liB 
* 
17 * 
116 
+ 
18 * 
/17 * 
116 
+ 
IB * 
17 * 
16 


SUMO 
/5Ul * 
/5U2 * 
sU3 
+ 
/SUI * 
sU2 * 
/5U3 
+ 
SUI * 
/sU2 * 
/sU3 
+ 
SUI * 
sU2 * 
sU3 
; 


SUME 
/ <lSUI * 
/sU2 * 
5U3 
..-/5Ul * 
SU2 
* 
/SU3 
..- 


SUI 
* 
/sU2 * 
/SU3 
+ 
SUI * 
SU2 
* 
SU3> 
; 


******************** 
Cust/Project 
Date 
Rev/I. 
D. 
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POLARITY 


---------------------- 
T 
!L:H:H:H:H:H:H:H:H:H! 
E ~-------------------------------------------------------- 
R 
B(il 
B(o) 
M !-------------------------------------------------------- 
!7-6-5_.4-3-2- 1-0!9-8-7-6-5-4-3-2- 1-0'9-8 7-6-:5-4 3-2-1-O! 
O!- 
-,- L L H!- -,- 
-,- 
-! . 
,A A A A, . 
A A' 
1,- 
-,- L H L!- -,- 
- ,- 
-!. 
,A A A A,. 
A A! 
2!- 
- - ,- H L L!- -,- 
-,- 
-! . 
,A A A A, _ 
A A! 
3!- 
, 
H H 
H!- -,- 
-,- 
-! . 
,A A A A,. 
A A! 
4!- 
L L,H 
- -!- -,- 
-,- 
-! . 
,A A A A, • A 
A' 
5!- 
L H,L 
-,- 
-,- 
-! . 
,A A A A, . A 
A! 
6!- 
H L,L 
- -!- - ,- 
-,- 
-, 
,A A A A,_ 
A 
A! 
7!- - H H,H 
-,- -,- 
-,- 
,A A A A, . A 
A! 
8'L 
H - -,- 
-!- -,- 
-,- 
- L! . 
,A A A A,A 
A! 
9'H 
L 
-,- 
-,- -,- 
-,- 
L! . 
,A A A A,A 
A! 
10!L 
L - -,- 
_1- 
-,- 
-,- 
H! . 
,A A A A,A 
A! 
11'H H 
-,- 
-,- -,- - 
, 
- H! . 
,A A A A,A 
A! 


12!- 
- ,- - 
- ,- 
-,H 
L L -!A 
A,A 
A A A, • 
A' 


13!- 
-,- 
-!- -,- - 
-,L 
H L 
-!A 
A,A 
A A A, . 
A! 
14'- 
-,- 
-,- - ,- 
-,L 
L H 
-!A 
A,A 
A A A,. 
A! 
15!- 
, 
-,- 
, 
- -,H 
H H 
-!A 
A,A 
A A A, . 
A' 
16!0 
() 
0 0,0 
0 
<) 
O!O 
0,0 
0 
(I 0,0 
0 0 O~A A,A 
A A A,A 
A A A! 


17!O 
(I 
(> 0,0 
0 
(> 
O!O 
0,0 
0 
(> 
0,0 
(l 
(l 
O!A 
A,A 
A A 
A,A 
A A A' 
18'0 
<) 
0 0,0 
0 0 
O!O 
0,0 
0 0 0,0 
0 0 
O!A 
A,A 
A A A,A 
A A A! 
1.9!(1I) 
(> 
0,0 
0 
(l o~o 0,0 
I) 
(> 
0,0 
0 0 
l)!A 
A,A 
A A A,A 
A A A! 
20!O 
0 
(> 0,0 
(I 0 
I)!O 0,0 
(> 0 0,0 
(I 
(I 
(I!A 
A,A 
A A A,A 
A A A! 


21 !O 
(> 
(I 0,0 
(> 
(I 
O!O 
0,0 
0 
(I 0,0 
(> 
(I O~A 
A,A 
A A A,A 
A A A' 


22!O 
(I 
(I 0,0 
0 
(> 
O!O 
0,0 
(I 0 0,0 
0 0 
O!A 
A,A 
A 
A A,A 
A A A! 


23!O 
0 0 0,0 
(> 0 
(I!(l 
0,0 
0 
(I 0,0 
0 0 
O!A 
A,A 
A A A,A 
A A A! 


24!0 
0 0 0,0 
0 0 O!O 
0.0 
0 
<) 0,0 
0 0 O!A 
A,A 
A A A,A 
A A A! 
25!O 
0 0 0,0 
(> 
(> 
O!O 
0,0 
0 0 0,0 
I) 0 
O!A 
A,A 
A A A,A 
A A A' 


26!O 
0 0 0,0 
0 0 
O!O 
0,0 
(I 
(I 0,0 
O' 0 
O!A 
A,A 
A A A,A 
A A A! 


27!O 
0 0 0,0 
0 0 
O!O 
0,0 
<) 
0 0,0 
(I 0 
O!A 
A,A 
A A A,A 
A A A! 


28!(; 
(I 0 0,0 
(I 0 O~O 0,0 
(I 0 0,0 
0 
(I 
O!A 
A,A 
A A A,A 
A A A! 


29!O 
0 0 0,0 
0 0 
O!O 
O,f) 
0 0 0,0 
0 0 O'A 
A,A 
A A A,A 
A A 
A! 
30!O 
0 0 0,0 
0 0 
O!O 
0,0 
0 
(I 0,0 
0 0 
O!A 
A,A 
A A A,A 
A A A! 
31 !O 0 0 0,0 
0 
(I 
O!O 
0,0 
0 
(> 0,0 
I) 
(I 
O!A 
A,A 
A A A,A 
A A A! 
09'- - - - ,- 
-!- -,- 
-,- 
- -! 
08!- 
, 
_1- 
, 
, 
-! 
07!0 
0 0 0,0 
0 
(I 
O!O 
0,0 
(I 0 0,0 
0 0 O! 
06!0 
(I 
(I 0,0 
(I 
(> 
O!O 
0,0 
0 0 
0,0 
0 l)O~ 
D5!0 
<) 
I) 0,0 
0 
(I l)!0 0,0 
0 0 0,0 
0 0 
O! 
04!0 
(> 
(I 0,0 
0 0 
O!O 
0,0 
(I 
(I 0,0 
(I 0 O~ 
D3!- - 
- ,- 
-~- -,- 
- -,- - - -, 


D2!- 
-,- 
-!- 
-,- 
- - ,- 
-, 
01 !- 
, 
-,- 
, 
, 
00'0 
0 0 0,0 
0 
(I 
O!O 
0,0 
<) 
0 0,0 
0 0 
O! 


I 
I 
I 
I 
I 
5 5 
N 
N 
N 
N 5 S S I 
5 5 
N 
N 
N 
N 5 5 5 
I 
7 6 5 4 3 2 
0 
U U / 
/ 
/ 
/ 
U U U 8 
U U / 
/ 
/ 
/ 
U U U 8 
M 
M C C C C 3 2 
1 
M 
M C C C C 3 2 
1 
E 0 
E 0 


*K****~******************************************~~***********~~****. 
* 
This 
is 
a 
test 
pattern 
for 
the 
9-blt 
parity 
genet~atot·/checker 
circuit. 
The 
siMulator 
will 
use 
this 
file 
as 
an 
input 
to 
* 
* 
simulate 
the 
logical 
funct 
ieon. 
•. 


*******.************************************************************* 


SS 
UU 
SSS 


"11111111 
MMBBBBUUUI 


"76543210 
E076543218 


LLLLLLLL 
IIIIIIIIIL 


HLHHLHLL 
IIIIIIIIIH 


LHHLLHHL 
IIIIIIIIIH 
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IIIIIIIIIL 


LLHLHHLH 
IIIIIIIIIH 


HLLHHLLH 
IIIIIIIIIL 


LHLLHLHH 
IIIIIIIIIL 
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IIIIIIIIIH 


QUIT 


EXPECTED 
OUTPUTS 


BBBBE< 
98321 


"HLLLL 
"LHLLH 
"LHLHL 
"HLLHH 
"LHHLL 
"HLHLH 
"HLHHL 
"LHHHH 


825153 
A:pargen.5TD 
" This 
file 
is 
the 
result 
of 
logic 
sImulatIon 
of 
the 
parity 
oenerator/checker 


., circuit. 
The 
inputs 
are 
read 
from 
input 
file 
PARGEN.TST 


00000000 
HL .....LLLO 
10110100 
LH •... LLHI 
01100110 
LH 
LHLI 
11010010 
HL 
LHHO 
00101101 
LH 
HLLI 


10011001 
HL 
HLHO 
01001011 
HL 
HHLO 
11111111 
LH 
HHHI 


liD 
CONTROL 
LINES 
DESIGNATED 
liD 
USAGE 
ACTUAL 
liD 
USAGE 


b. Output File From SIMULATOR 


Figure 4. Test Vectors 
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NOTES: 
1. All programmed 
"AND" 
gale 
locations 
are pulled 
10 logic 
"1" 


2. All programmed 
"OR" 
gate 
localJons are pulled 
to logic "0". 


3. 
Programmable connection. 


Signetics 


INTRODUCTION 
THE PLS168/168A is a bipolar Field-Pro- 
grammable Logic Sequencer as shown in 
Figure 1, which consists of 12 inputs, a 48 
product term PLA and 14 RIS flip-flops. Out 
of the 
14 flip-flops, six are buried State 
Registers (P4 - Pg), 
four Output Registers 
(Fa- F3), and four Dual-purpose Registers 
(Po- P3), which may be used as Output or 
State Registers. All flip-flops are positive 
edge-triggered. They are preset to "1" 
at 


power-up, or may be asynchronously set to 
"1" by an optional PR/OE pin, which may be 
programmed either as a preset pin or as an 
Output Enable pin, Additional features in- 
cludes the Complement Array and diagnos- 


tics 
features. 


ARCHITECTURE 
As shown in Figure 2, the device is organized 
as a decoding AND-OR network which drives 


a 
set 
01 registers 
some 
of 
which, 
in 
turn, 
feedbacks to the ANDIOR decoder while the 
rest serve as outputs, Outputs Po to P3 may 
be programmed to feedback to the ANDIOR 
decoder as State Registers and, at the same 


time, 
used 
as 
outputs. 
The 
user 
now 
can 
design a 10-bit state machine without exter- 
nal wiring. The ANDIOR array is the classical 
PLA structure in which the outputs of all the 
AND gates can be programmed to drive all 


AN23 
PLS168/168A 
Primer 


the OR gates. The schematic diagram of the 
AND-OR array is shown in Figure 3. This 


structure 
provides 
the 
user a very 
structured 
design methodology which can be automated 
by CAD tools, such as Signetics AMAZE 
software package. The output of the PLA is in 
the form of sum-of-products which, together 
with the RS flip-flops, is the ideal structure for 
implementation of state machines. (Refer to 
Appendix A for a brief description of synchro- 
nous finite state machines.) 


Design 
Tools 


A direct approach to implement a design 
using the PLS168/ 168A is the 
HI L table 


supplied in the data sheet as shown in Table 
1. The table is organized according to input 
and output of the PLA decoding network. The 
lefthand side of the table represent the inputs 
to the AND-array, which includes input from 


input pins and present 
state 
information 
from 


the feedback buffers which feedback the 
contents of the State Register. The righthand 
side of the table represents the output of the 
OR-array, which drives the State and Output 
Registers as the next state and output. Each 
column in the lefthand side of the table 
represents an input buffer, which may be 


inverting, 
non·inverting. 
disconnected 
or un- 


programmed. Each column in the righthand 
side of the table represents a pair of outputs 
to the flip-flops, which may be set, reset, 


disconnected, or unprogrammed. The pro- 
gramming symbols are H, L, -, and O. (See 
Figure 4 for details.) For inputs buffers, "H" 
means 
that 
the 
non-inverting 
buffer 
is con- 


nected, "L" means that the inverting buffer is 
connected, "-" 
means that both inverting 


and non-inverting buffers are disconnected, 
and "0" 
means that both inverting and non- 


inverting 
buffers 
are connected 
which causes 


that particular AND-term to be unconditionally 
Low. On the output side of the table, "H" 
means that the particular AND-term is con- 
nected to the OR-term on the" S" input of the 
particular flip-flop, "L" 
means that the AND- 


term is connected to the "R" 
side, "-" 


means that the AND-term is not connected to 
the flip-flop at all, and "0" 
means that the 


AND-term is connected to both the "S" and 
"R" 
sides. More details of the symbols and 


their meanings are shown in Appendix B. 
Each row in the table represents an AND- 
term. There are 48 AND-terms in the device. 
Therefore, there are 48 rows in the table. An 


example 
of 
implementing 
a 
transition 
from 


one 
state 
to another 
is shown 
in Figure 
4a. 


The state diagram can be implemented by the 
PLS168 as shown in Figure 4b. The state 
diagram is translated into 
HI L format as 


shown 
in Figure 
4c. 
The 
first column 
on the 


lefthand side of the table is for the Comple- 
ment Array which will be discussed in detail in 


the 
next 
section. 
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NOTES: 
1 
All programmed 
"AND" 
gale 
locations 
are pulled 
to logiC "1". 


2. All programmed 
"OR" 
gale 
locallons 
are pulled 
10 logiC "0" 
3 
Programmable connectIon. 


CUSTOMER 
NAME 


PURCHASE 
ORDER. 


SfGNETlCS 
DEVICE. 
CF (XXXX) 


CUSTOMER 
SYMBOLIZED 
PART 
• 


TOTAL 
NUMBER 
OF PARTS 


PROGRAM 
TABLE. 


REV 
0.<•• 


·• 
c" . , 
·· . ,.. 
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NUT 
STATE IN.) 
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) 
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Vcc 
AND-GATE 
I-- 
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Ni.(;,FUSE "l 


I 
I 
I 
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TOOTHER 


----- 
AND-GATES 
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TOOTHER 


AND·GATES 


I 
IL 
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c. PLS168 Programming 
Table 


Figure 4. Implementing 
State Machine with PLS168 


Complement 
Array 


An additional feature is the Complement Ar- 
ray, which is often used to provide escape 
vectors in case the state machines get into 
undefined states during power-up or a timing 
violation due to asynchronous inputs. A logic 
diagram of the Complement Array is shown in 
Figure 5. The output of the Complement Array 
is normally Low when one or more AND- 
terms are High. If all of the AND-terms are 
Low, then the output of the Complement 


Array will be High. In this example, if each 
AND-term is a decoder for a particular state 
and input combination, and if the circuit gets 
into an undefined state, none of the AND- 
terms will be High. Therefore, the output IC 
will be High, which will then enable the AND- 
term S which in turn may be used to reset all 
registers to Low or High as predefined. The 
state machine thus escapes from being in an 
undefined state by using the Complement 
Array and one AND-term. Without the Com- 
plement Array an alternate way of escaping 


from being in an undefined state is by defining 
all possible states which are not being de- 
fined. This method may require quite a few 
AND-terms depending on the design. Another 
application for the Complement Array is illus- 
trated by the following example. As shown in 
Figure 6, when the machine is in state 23, if 
input vector equals 1001, it will go to next 
state 24. If the input is 1101, then go to state 
25. But if the input is neither 1001 nor 1101, 
then go to state 03. It takes only two terms to 
implement the first two transition vectors. To 
implement the third vector" go to state 03 if 
input is neither 1001 nor 1101", the Comple- 
ment Array accepts the outputs of the first 
two AND-terms as inputs. If the input vector is 
neither 1001 nor 1101, then both terms will 
be Low, which causes the output of the 
Complement Array (lC) to be High. A third 
AND-term is used to AND state 24 and IC 
together to set the registers to state 03. The 
State Diagram is translated into AMAZE syn- 
tex as shown in Figure 6b, where all vectors 
are in square brackets and the Complement 
Array is represented by the ELSE statement. 
The State diagram Figure 6a can also be 
expressed in the format of a program table as 
shown in Figure 6c. The complement array 
may be used to exit from different present 
states to different next states. It can be used 
many times in one state machine design as 
shown in Figures 7a, b, and c where the state 
diagram is implemented using the AMAZE 
state equation syntex and the HIL format. 


WHILE 
[23] 
IF [1001] 
THEN [24] 
WITH 
[OUT1J 
IF [1101] 
THEN 
[25] 
WITH 
[OUT2] 
ELSE: [03] 
WITH 
[OUT9] 


T 
AND 
OPTION 
(PR/OE) 
I 


E 
OR 


R 
INPUT 
PRESENT 
STATE 
NEXT STATE 
OUTPUT 
M 
C 
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0 
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1 
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03 
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STATE=23 
(HEXI 


....• 
OUTI:=OOO~~ /' 


04 
.II 
OUT2=00/0 
NEXT 
STATE: 
24rEX 
OUTG=/OO/ 
05 
25 
HEX YII 


PIN 
1 
1 
2 
2 .2 
2 
03 
HEX 
:1 
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1 
1 
NO. 
8 
9 
0 
1 :2 
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3 : 4 
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6 
7 
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5 
4 
3 
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0 
9 
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A 
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"- "-"-"- 
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0 000 


c. H/L Format 


Figure 6. Application of Complement Array 


WHILE 
[00] 
IF [סס OO] THEN [01] 
WITH 
[OUTO] 
IF [0001] 
THEN [02] 
WITH 
[OUnl 
ELSE: [3F] 
WITH 
[OUTO] 
WHILE 
[01] 
IF [0010] 
THEN 
[03] 
WITH 
[OUT2] 
IF [0011] 
THEN 
[04] 
WITH 
[OUT3] 
ELSE: [2F] 
WITH 
[OUT6] 
WHILE 
[02] 
IF [0100] 
THEN 
[05] 
WITH 
[OUT4] 
IF [0101] 
THEN 
[06] 
WITH 
[OUTS] 
ELSE: [2F] 
WITH 
[OUT7] 
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NEXTSTATE 
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L :If 
H 
H 
H 


00 
A 


01 
A 


02 


03 


04 


OS 


08 


A 
L 
L 
H L:- 


A 
L 
L 
H H 
- - 


07 


08 
A 
L 
H L 
L:- 
- 
L 
L:L 
L 
H L 
L 
L 
L 
H L 
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c. PLS168 Programming Table 


Figure 7. Applications 
of Complement 
Array 
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OF TERMS 


a. PLS168 Setup Time 


VB 
P-Term Loading 
b. PLS168 Setup Time 


VB 
P-Term Loading 


INPUT ...flll 
~ t~u 


CLOCK 
I 
\ 
1/// 
\\\ 
----l....~..I. 
-lj::'<I 
SU 
\__ 1 
\__ / 


OUTPUT 
/ 
-- 
\ 
1#I1IA 


OUTPUTUNDETERMINE:~ 
OUETO 
METASTABLE 
CONDITION 
OFFLlp·FLOP 


Optional 
Preset/Output 
Enable 


The PR/OE pin provides the user with the 
option of either using that pin to control the 
Tri-state output buffers of the Output Regis- 
ters, or have that pin to asynchronously 
preset all registers to High. The purpose of 
the preset function is to provide the system a 
way to set the PLS168 to a known state, all 
Highs. The output enable function are some- 


times 
used 
where 
the 
state 
machine 
is con- 
nected to a bus which is shared by other 
output circuits. It is also used during power-up 
sequence to keep the PLS168 from sending 
power glitches to other circuits which it drives. 
By programming the PR/OE pin to control the 
Tri-state output buffers, the preset function is 
permanently disabled. By programming the 
PR/OE pin to control the asynchronous pre- 
set of the registers, the output buffers are 
permanently enabled. While using the preset 
function to asynchronously preset the regis- 
ter, if a rising edge of the clock occurs while 
the preset input is High, the registers will 
remain preset. Normal flip-flop operation will 
resume only after the preset input is Low and 
the rising edge of the next clock. Setting the 
registers to a predefined pattern other than all 
Highs may be accomplished by using a dedi- 
cated p-term, which is activated by an input 
pin which will also inhibit all other p-terms 
which are being used. The inhibiting of other 
p-terms eliminates the problem of undeter- 
mined state of an RS flip-flop caused by 
having Highs on both Rand 
S inputs. 


Diagnostic 
Features 


In debugging a state machine, sometimes it is 
necessary to know what is the content of the 
state register. The buried State Register may 
be read by applying + 10V on 
10, which will 


cause the contents of register bits P4 to Ps, 
Ps to Pg to be displayed on output pins F2 to 
F3 and Po and P3 respectively. While the 
device can handle the 
+ 10V on pin 10, 


prolonged and continuous use will cause the 
chip to heat up since more power is being 
dissipated at + 10V. To facilitate more expedi- 
ent functional tests, synchronous preset vec- 
tors as described above may be used to set 
the State Register to different states without 
having to go through the entire sequence. 


Timing 
Requirements 
Since the PLS168 is intended to be a syn- 
chronous finite state machine, the inputs are 
expected to be synchronous to the clock and 
set-up and hold time requirements are ex- 
pected to be met. In general, the set-up time 


requirement 
is measured 
at its worst 
case 
as 
having the entire AND-arrayconnected to the 
OR-term being measured and there is only 
one active AND-term to drive the entire line. 
The set-up time decreases from there as less 
p-terms are used. This is due to the capaci- 
tance of the unused AND-terms being re- 
moved from the line. Figure 8a shows the 
typical set-up time requirement of a PLS168A 
device. Figure 8b shows the normalized set- 
up time as a percentage of the worst case, 


which is with 48 terms connected. In a typical 
state machine design, some flip-flops will 
change states more frequently than others. 
Those that change more frequently will have 
more p-term loading on its OR gates than 
those that change states less frequently. The 
different loadings on the OR-terms cause 
different delay on the inputs of the flip-flops 
as shown in Figure 9. If an input fails to meet 
the set-up time specification, it is possible 
that the resultant of the input change gets to 
one set of flip-flops before the rising edge of 
the clock while it gets to other flip-flops during 
or after the clock's rising edge. The result is 
that some flip-flops have changed states and 
some have not, or some get into metastable 
condition as shown in Figure 10. The state 


machine 
is now either out of sequence 
or is in 
an undefined state. This problem often oc- 


curs with asynchronous 
inputs which is gener- 
ated totally independent of the clock on the 
system. A common remedy for the problem of 
asynchronous inputs is to use latches or flip- 
flops to catch the input and then synchro- 
nously feed it to the state machine. This 
minimizesthe problem with the different prop- 
agation delays due to different p-term load- 
ing. But there is still a finite probability that the 
external latches or flip-flops will get into 
metastable condition, which may be propa- 
gated into the state machine. Nevertheless, 
the window for the flip-flops in state machine 
to get into undefined states or metastable 
condition is narrowed by a great extent. 


APPENDIX 
A 


INTRODUCTION 
TO STATE 
MACHINE 


A state machine is a synchronous sequential 
circuit which interprets inputs and generates 
outputs in accordance with a predetermined 
logic sequence. It is analogous to running a 
computer program with a computer. The state 
machine, with its sequence coded in hard- 


ware, can run much faster than a computer 
running the sequence in software. Therefore. 
it is often 
used in controller 
applications 
where speed is important. 


Generally, state machines may be classified 
as Mealy or Moore machines as shown in 
Figures 1a and 1b. The fundamental differ- 
ence of the two types are: the output of a 
Moore machine is a dependent of only the 


~ 


~ INolouro 
G:> 


state of the memory elements whereas the 
output of a Mealy machine is a dependent of 
both the state of the memory elements and 
the inputs to the state machine. The figures 
also show graphic representations of the 
logic sequence in the form of state diagram in 
which the bubbles represent state vectors. 
and the arrows represent transitions from 
present states to next states. 


APPENDIX 
B 


LOGIC 
PROGRAMMING 


The FPLS can be programmed by means of 
Logic programming 
equipment. 


With Logic programming, the AND/OR 
gate 


input connections 
necessary 
to implement 


the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 


In this table, 
the 
logic state 
or action 
of 


control variables C, I, P, N, and F, associated 
with each Transition Term Tn, is assigned a 
symbol which 
results 
in the proper 
fusing 


pattern of corresponding link pairs, defined as 
follows: 


-+ 


A10E 


P::1 
E 


PROGRAMMING: 
The PLS168A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic high (H). When programming 
the device it 
is important 
to realize this is the initial state of the device. You must provide a next state jump if you do not 


wish to use all highs (H) as the present state. 


4" 4" 4" 4" 


l,P 
_ 
I,P 
I,P 
_ 
I,P 
_ 


I,p 
i:P 
I,p 
i,p 


To 
To 
To 
To 


LSOlllSO$ 
l$01860S 
LS01930S 
LSOI840S 


I 
STATE 
I 
CODE 
I 


I 


STATE 
I CO:E 
I 
I 


STATE 
I COLOE I 
I 


STATE 
I 
C~OE 
I 
I 
INACTIVE1•2 
I 
0 
I 
I, P 
i, P 
DON'T 
CARE 


fW fW fW fW 


: 
s 
a 
: 
s 
a 
: 
s 
a 
: 
s 
a 


n,f 
R 
n,t 
R 
n.f 
A 
n,t 
R 


LSOle'lOS 
LS019O(1S 
LS01810$ 
l$018l1OS 


ACTION 
CODE 


I 


ACTION 
I 
COHOE I 
I 


ACTION 
I 
COLOE I 


I 


ACTION 
I 
C~OE 
I 
I 
INACTIVE1,3 
I 
0 
I 
SET 
RESET 
NO 
CHANGE 


ACTION 
CODE 


GENERATE 
A 


NOTES: 
1. 
This is the initial unprogrammed state of all link pairs. It is normatty associated with all unused (inactive) AND gates Tn. 


2. 
Any gate Tn will be unconditionally inhibited if anyone 
of its I or P link pairs is left intact. 


3. 
To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see flip-flop truth tables). 


4. 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 


Signetics 


DESCRIPTION 


The PLS173 is a 24-pin PLA device which has 
10 bidirectional 
outputs 
and 
12 dedicated 


inputs. The output of the device is the sum of 
products of the inputs. The polarity of each 
output 
may be individually 
programmed 
as 


Active-High or Active-Low. A logic diagram of 
the device is shown in Appendix A. A 10-bit 
comparator similar to the 74LS460 compares 
two 10-bit data inputs to establish if EQUIVA- 
LENCE or NOT EQUIVALENCE exists. The 
output has True and Complement 
compari- 


son status outputs. The logic diagram of the 
comparator 
is shown in Figure 1. 


The truth table is as shown in Table 1 where 
vectors a and bare 
10-bit inputs to A9 to AO 


and B9 to BO. If the input to A9-AO is bit-to-bit 
equivalent to the input to B9-BO,the two input 
vectors 
are considered 
EQUIVALENT, 
and 


output EQ goes High and NE goes Low. If the 
two input vectors are not bit-to-bit equivalent, 
then EQ goes Low and NE goes High. The 
circuit is implemented with AMAZE as shown 
in Figures 2a, 2b and 2c. The result of logic 
simulation of the circuit is shown in Figure 2d. 


AN24 
PlS173 as a 10-Bit Comparator, 
74lS460 


Notice that on the OR side of the program 
table in Figure 5, all the fuses in the OR-term 
are intact, which 
means that all the AND- 
terms are still connected to all the OR-terms. 
This feature provides for future modification. 
But if all the unused AND-terms are deleted, 
the device will run faster. 
There 
are also 


many unused AND-terms which will provide 
for future modification. But if they are deleted 
(both on the AND and OR side), it will amount 
to about 450/lA per term power saving. Figure 
3 is the program table with all unused terms 
deleted. 


A9-AO 
B9- Bo 
EQ 
NE 


a 
a 
H 
L 
b 
b 
H 
L 
a 
b 
L 
H 
b 
a 
L 
H 


LABEL 
** FNC **PIN --------- 
PIN** FNC 
LABEL 
AO 
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**VCC 


BO 
I 
** 
2-: 
:-23 
** 
I 
**89 


AI 
I 
3-: 
:-22 
I 
**A9 


Bl 
I 
4-: 
B 
:-21 
I 
**B8 


A2 
I 
** 
5-: 
2 
:-20 
I 
**A8 


B2 
I 
** 
6-: 
s 
:-19 
0 
**NE 


A3 
I 
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7-: 
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/0 
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B3 
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** 
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B4 
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GND 
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I 
**85 
--------- 


a, Pin List 
of 
10-Bit Comparator 


Figure 
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******************** 
AN24_173 
******************** 


@DEVICE 
TYPE 
825173 
@DRAWING 


@DESCRIPTION 
This 
circuit 
compares 
two 
10-bit 
inputs. 
If 
they 
are 
bit-to-bit 
equivalent, 


outputs 
EQ 
goes 
HIGH 
and 
NE 
goes 
LOW. 
If 
the 
inputs 
are 
no~ 
bit-to-bit 
equiv- 
alent 
to 
each 
other, 
outputs 
EO 
goes 
LOW 
and 
NE 
goes 
HIGH. 


@COMMON PRODUCT 
TERM 


TO 
AO * 
IBO 
TI - 
IAO * 
BO 
T2 
Al * 
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T3 
IAI * 
81 
T4 
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T5 
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A7 * 
187 


Tl5= 
IA7 * 
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A8 * 
188 


Tl7= 
IA8 * 
88 
Tl8= 
A9 * 
189 
TI9 
/A9 
* 
89 


@1/0 
DIRECTION 


@OUTPUT 
POLAR!TY 
@LOGIC 
EGlUATI ON 


b. Boolean Equations of 1a-Bit Comparator 


Figure 2 (Continued) 
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- 
- 
- 
L H!A A,A A A A,A A A A~ 


t4~- 
-,- - - - - 
- - - - -,L H - -~A A,A A A A,A A A A! 
15!- - - -,- - - -,- - - -,- - - - - -,H L - -~A A,A A A A,A A A A~ 
16~- - 
- - - - - 
_1_ 
-,L 
H - - - 
-!A AlA A A A.A A A A! 


17!- 
- - 
- - 
_1- 
-,H L - - - - - -~A A,A A A A,A A A A~ 
18!- - - -,- - 
-!L H,- - - - - 
-!A A,A A A AlA A A A! 


191- 
- 
,- 
- 
- 
- 
- 
- 
-!H L,- - 
- - -!A A,A A A A,A A A A~ 
20!0 
0 v 
0,0 
0 
0 
0,0 
0 
0 
010 
0,0 
0 
0 
0,0 
0 
0 
O!A 
A,A 
A 
A 
A,A 
A 
A 
A! 
21!0 
0 a 
0,0 
0 
0 
0,O 
0 
0 
0!O 
u,O 
0 
0 
0,0 
(I 
0 
O!A 
A,A 
A 
A 
A,A 
A 
A 
AI 


22!O 
0 
0 
0,0 
0 
0 
O,~ 
0 
0 
O!O 
0,0 
0 
0 
0,0 
0 
0 
O!A 
A.A 
A 
A 
A,A 
A 
A 
A! 


23!O 
0 
0 
0,0 
0 
0 
0,0 
0 
0 
O!O 
0,0 
0 ° 0,0 
0 
0 
O!A 
A,A 
A 
A 
A,A 
A 
A 
A! 


24!O ° ° 0,0 
0 
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A 
A! 
25!O 
0 
0 
0,0 
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A 
A 
A! 
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A! 
31~O 
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O!0 
0,0 
u 0 0,0 
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A 
A 
A,A 
A 
A 
A! 
09~0 
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0 
0 
0,0 
0 
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O!O 
0,0 
0 
0 
0,0 
0 
0 
O! 


OSlO 
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0 
0 O~O 
0,0 ° 0 (1,0 0 
0 
0' 


D7!O 
0 
0 
O,0 
0 
0 
0,0 
0 
0 
O~O 
0,0 ° 0 
0,0 
v 
v 
O! 


D6!O 
0 
U 
0.0 
0 
0 v,v 
0 
0 ala 
0,0 
0 
0 0,0 
Q 0 
O! 
051- 
,_ 
_ _, 
1_ 
_ 
_ 
_ 
__ 


D4~-- 
- - -,- - - 
__ 
1 


D3!u 
0 
0 
0,0 
0 
0 
0,0 
0 
0 
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0,0 
0 
0 
0,O 
0 
0 
O! 


D2!0 
U ° 0,0 
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O!O 
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u U 
O! 
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0 
0 
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O!u 
0,0 
0 
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0,0 
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0,0 
0 
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c. Program Table of 10·Blt Comparator After Assembly of Boolean Equation File 


Figure 2 (Continued) 


825173 
A:AN24_173.STD 


••AMAZE 
FILE 
ID: 
AN24_173 


LOGIC 
SIMULATION 
OF 
10-BIT 
COMPARATOR 


" <==INPUT5==> 
(=8(1/0)=> 


11 


•• 109876543210 
9876543210 


000000000000 
OOOOLHOOOO 
010000000000 
OOOOHLOOOO 


100000000000 
OOOOHLOOOO 


110000000000 
OOOOLHOOOO 
000100000000 
OOOOHLOOOO 
001000000000 
OOOOHLOOOO 
001100000000 
OOOOLHOOOO 
000001000000 
OOOOHLOOOO 
000010000000 
OOOOHLOOOO 
000011000000 
OOOOLHOOOO 
000000010000 
OOOOHLOOOO 
000000100000 
OOOOHLOOOO 
000000110000 
OOOOLHOOOO 
000000000100 
OOOOHLOOOO 
000000001000 
OOOOHLOOOO 
000000001100 
OOOOLHOOOO 
000000000001 
OOOOHLOOOO 
000000000010 
OOOOHLOOOO 
000000000011 
OOOOLHOOOO 
000000000000 
OIOOHLOOOO 
000000000000 
1000HLOOOO 
000000000000 
IIOOLHOOOO 
000000000000 
0001HLOOOO 
000000000000 
0010HLOOOO 
000000000000 
OOllLHooOO 
000000000000 
0000HLOI00 
000000000000 
0000HLI000 
000000000000 
0000LHII00 
000000000000 
OOOOHLOOOl 


000000000000 
0000HLOOI0 
000000000000 
OOOOLHOOll 


I/O 
CONTROL 
LINES 
DESIGNATED 
I/O 
USAGE 
ACTUAL 
I/O 
USAGE 


PINLIST. 
•• 


13 
11 
10 
09 
08 
07 
06 
05 
04 
03 
02 
pI 


23 
22 
21 
20 
19 
18 
17 
16 
15 
14 


d. Test Vectors Generated by AMAZE After Logic Simulation 


Figure 2 (Continued) 
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- -!- -,- 
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- - -!. 
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- 
- 
-,L 
H - 
-,- 
- 
- -!- 
-,- - - -,- 
- - -~. 
A A,. 
7!- 
- 
- 
-,H 
L - 
-,- 
- 
- -!- -,- 
- - -,- - - -!. 
A A,. 


8~- 
- 
L H,- 
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- 
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-'- 
-,- 
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-,- 
- 
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-I. 
A A,. 


9!- 
- 
H L,- 
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-,- 
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-!- 
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-,- 
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-!. 
A A,. 


10!L 
H - 
-,- 
- 
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-,- 
- 
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-!- 
-,- 
- 
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-,- 
- 
- 
-~. 
A A,. 
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- -!- -,- 
- - -,L 
H - 
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L - 
-,- 
- 
- 
-'. 
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- 
- 
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-,- 
- 
- 
-'L 
H,- 
- 
- 
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- 
-~. 
A A,. 
191- 
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- 
-,- 
- 
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-'H 
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- 
-,- 
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- -!. 
A A,. 
20!- 
- 
- 
-,- 
- 
- 
_,_ 
- 
- 
_1 
__ 
, 
, 
!. 


21~- 
- 
- 
-,- 
- 
- 
-,- 
- 
- -!- 
-,- - - -,- 
- - -'. 


22!- 
- 
- 
-,- 
- 
- 
-,- 
- 
- 
-'- 
-,- 
- 
- 
-,- 
- 
- -!. 
23'- 
- 
- -,- 
- 
- -,- 
- - 
-1- 
_, 
, 
'. 
24' - 
- 
- 
_, - 
- 
- 
_, - 
- 
- 
- I __ 
, 
, 
'. 
2S!- 
- 
- 
-,- 
- 
- 
_, 
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, 
, 
• 


26! - 
- 
- 
-, - 
- 
- 
-, - 
- 
- -! - -, - - - -, - - - -!. 


27!- 
- 
- 
-,- 
- 
- 
-,- 
- 
- -!- 
-,- - - -,- 
- - -!. 


28!- 
- 
- 
-,- 
- 
- 
-,- 
- 
- -!- 
-,- - - -,- 
- - -!. 
29!- 
- - 
-,- 
- 
- -,- 
- - -!- -,- 
- __ , 
'. 


30'- 
- - -,- 
- - -,- 
- - -! __ , 
, 
I. 


31'- 
- 
- -,- 
- 
- -,- 
- - -'- 
-,- 
- - -, 
!. 
D9!0 
0 0 
0,0 
0 
0 0,0 
0 
0 0'0 
0,0 
0 
0 0,0 ° 0 
O! 
D8!0 ° 0 0,0 ° 0 0,0 
0 0 0'0 
0,0 
0 0 0,0 
0 
0 O! 
D7!0 ° ° 0,0 
0 0 0,0 ° 0 0'0 
0,0 
0 
0 0,0 
0 0 O! 


D6!0 ° ° 0,0 
0 0 0,0 
0 ° 0'0 
0,0 
0 ° 0,0 ° 0 
O! 


OS'- 
- 
- 
-,- 
- 
- 
-,- 
- 
- -!- 
-,- - __, 
! 
04!- 
- 
- 
-,- 
- 
- 
-,- 
- 
- -!- -,- - - -,- 
, 
D3!0 
0 ° 0,0 
0 0 0,0 
0 0 
O!O 0,0 
0 
0 0,0 
0 ° O~ 
D2!0 
0 0 0,0 
0 ° 0,0 
0 0 
O!O 0,0 
0 0 0,0 ° ° 0' 
DI!O 
0 ° 0,0 
0 ° 0,0 
0 ° 0'0 
0,0 
0 
0 0,0 
0 0 O! 
DO!O ° 0 0,0 
0 0 0,0 
0 0 
0~0 
0,0 
0 0 0,0 ° 0 O! 
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NOTES, 
1. All programmed 
"AND" 
gate 
locations 
are pulled 
to logiC "1" 


2. All programmed 
"OR" 
gale 
locations 
are pulled 
10 logiC "0' 


3. 
Programmable connection 


Signetics 


• 
100% 
functional 
replacement 
for 
all 
20-pin 
PALs 


• 
I/O 
propagation 
delay: 
20ns 
(max) 


• 
Security 
fuse 
lock 


• 
10 inputs 


• 
8 bidirectional 
I/O 
lines 


• 
Tri-state 
outputs 
have 
programmable 


polarity 


• 
Architecture: 
8 groups 
of 
nine 
AND 


gates. 
Total 
of 
72 
product 
terms 


• 
Software 
support 
on 
Signetics 
AMAZE 


• 
Complete 
TTL 
compatibility 


• 
Each 
bidirectional 
I/O 
has 
individually 


controllable 
output 
enable 


ARCHITECTURE 
The 
PLHS 18P8A 
is an oxide·isolated, 
bipolar 


field-programmable 
logic array. 
This device 
is 


configured 
as a decoding 
two-level 
AND-OR 
(sum of products) 
structure. 
The 
PLHS18P8A 


block 
diagram 
is shown 
in Figure 
1. All 
the 


AND 
gates 
are 
linked 
to ·ten 
inputs 
(10 - 19) 


and 
eight 
bidirectional 
I/O 
lines 
(B(O) - B(7)). 


These 
links 
can 
he 
made 
via 
the 
on-chip 


true/complement 
buffers. 
The 
72 AND 
gates 
are 
configured 
in 8 groups 
which 
contain 
9 


AND 
gates 
each. 
In every 
group, 
eight 
AND 


gates 
are 
used 
for 
user-defined 
logic 
func· 


tions 
and the ninth 
AND 
gate 
is used as a tri- 


state 
output 
enable 
control. 
This 
gives 
the 


user capability 
to control 
the output 
enable 
by 
means 
of a product 
term. 
The 
outputs 
of the 


eight 
logical 
product 
terms 
are ORed 
together 


(see Figure 
1). The output 
polarity 
of each OR 


gate 
is individually 
programmable 
via an Ex- 


clusive-OR 
gate. 
The 
user 
has 
a choice 
of 


Active-Low 
or 
Active-High 
on 
each 
of 
the 


eight 
outputs. 
Figure 
2 shows 
the 
logic 
dia- 


gram 
of 
the 
PLHS 18P8A. 


HOW 
A DEVICE 
IS 


PROGRAMMED 
There are three main programmable sections 
on 
the 
PLHS 18P8A: 


A. 
The 
AND 
array. 


B. The 
output 
polarity. 
C. 
The 
security 
fuse. 


AN26 
PLHS18P8A Primer 


A. The 
AND 
Array 
- 
The 
AND 
array 
fuses 


are 
back-to-back 
diode 
pairs 
which 
act 
as 
open 
connections 
in a virgin 
device. 
These 


open 
connections 
are 
configured 
as 
I Don't 


Cares' 
(' - ') in an unprogrammed 
device. 
The 


open 
connections 
are 
pulled 
to a logic 
High 


(' 1') (see 
Figure 
3). Consequently, 
all unpro- 


grammed 
AND 
locations 
are pulled 
to a logic 
High (' 1') state. 
This 
means 
that 
in an unpro- 


grammed 
device, 
all 
the 
product 
terms 
are 


active. 
During 
fusing, 
current 
is avalanched 
across individual diode pairs. This essentially 
short 
circuits 
the 
diode 
and 
provides 
a con- 


nection 
for the associated 
product 
term. 
Fig- 
ure 3 shows how a typical connection is made 


to 
the 
AND 
array 
(see 
Appendix 
B 
for 
a 
description 
of 
the 
vertical 
fuses). 


The 
inputs 
to 
the 
AND 
array 
consist 
of 
10 


dedicated 
inputs 
(10 - 19) and 
8 bidirectional 


l/Os 
(B(O) - B(7)). 
Initially, 
all these 
inputs 
are 
configured 
as 
'Don't 
Cares' 
(' - '). 
These 


inputs 
can 
be 
connected 
to 
the 
AND 
array 


through 
an 
inverting 
or 
non-inverting 
buffer. 


The 
AND 
gate 
can 
be 
connected 
to 
the 


inverting 
buffer 
by programming 
the inverting 


fuse. 
Similarly, 
a connection 
can 
be made 
to 
the 
non-inverting 
buffer 
by programming 
the 
non-inverting 
fuse. 
Disabling 
an AND 
term 
is 


achieved 
by implementing 
a logical 
Low ('0') 
on 
the 
output 
of 
the 
specified 
AND 
gate. 
When 
both 
fuses 
of an input 
(e.g. 
10 and 
TO) 


are programmed, 
both 
the inverting 
and non- 
inverting 
buffers 
are connected 
to the inputs 
of the AND 
gate. 
To achieve 
this a '0' 
should 


be 
entered 
on 
the 
program 
table 
under 
the 
specified 
input. 
This 
will 
in 
turn 
create 
a 


logical 
Low 
('0') 
on the output. 
To avoid 
any 
glitches 
on the output, 
it is a good 
practice 
to 
program 
all inputs 
to force 
a logical 
Low ('0'). 


In each 
block 
of nine AND 
gates, 
one gate 
is 
used 
as an output 
enable 
control 
for the tri- 
state 
output 
(Terms 
0, 9, 18,27, 
36, 45, 54, 


63, designated 
as D on Table 
2). The remain- 


ing eight 
gates 
are connected 
to a fixed 
OR 
gate. 
Since 
in the 
unprogrammed 
state 
the 


outputs 
of all the AND gates 
are at logic 
High 
(' 1'), the output 
of the OR gate 
also 
acquires 
a 
logic 
High 
state. 
Therefore 
the 
user 
is 
responsible 
for 
deactivating 
any 
unwanted 
product 
terms. 
This is done 
by creating 
a logic 


Low 
('0') 
on 
the 
outputs 
of 
the 
unwanted 
product 
terms 
as previously 
explained. 
More- 


over, 
the 
output 
buffer 
is 
always 
enabled 


since the product 
term controlling 
the tri-state 


output 
buffer 
also 
has 
a logic 
High 
state. 
If 
any of the bidirectional 
pins are to be defined 


as 
inputs, 
the 
product 
term 
controlling 
the 


specified 
bidirectional 
pin 
must 
be disabled. 


The 
bidirectional 
pin can 
also 
be configured 


as 
a dynamic 
I/O 
by 
defining 
the 
required 


logic 
for 
the 
output-enable-control 
product 


term. 


The 
actual 
programming 
of the 
PLHS 18P8A 


is carried 
out according 
to JEDEC' 
standards 


and 
the 
specific 
programming 
algorithm 
de- 


veloped 
for 
the 
part. 


According 
to JEDEC 
standards 
on data 
prep- 


aration 
for the PLD programmer, 
a "1" 
speci- 


fies 
a high 
impedance 
for 
the 
specified 
fuse 


and 
"0" 
a low impedance 
for the designated 


fuse. 


For 
the 
AND 
array, 
the 
programming 
algo- 


rithm 
leaves 
the 
fuse 
intact 
(open-circuited) 
when 
a JEDEC 
"1" 
is specified. 
Consequent- 


ly, a JEDEC 
"0" 
programs 
and 
short 
circuits 


the 
specified 
fuse. 
The 
programming 
algo- 


rithm 
is different 
for 
the 
output 
polarity 
and 


will 
be 
explained 
in the 
next 
paragraph 
on 


Special 
Conditions 
for 
the 
Output 
Polarity. 


B. Special 
Conditions 
For 
The 
Output 
Po- 


larity 
- 
In an unprogrammed 
device, 
all the 


output 
polarities 
are 
configured 
as 
inverting 


buffers. 
In this state, 
the device 
will have logic 


Low 
on 
all 
its 
outputs. 
The 
outputs 
of 
the 


PLHS18P8A 
are 
configured 
as tri·state 
buf- 
fers. 
The 
two inputs 
of each 
Ex-OR 
gate 
are 


connected 
as follows: 
one input 
is connected 


to 
the 
output 
of 
the 
fixed 
OR 
gate. 
The 


second 
input 
is a connection 
to ground 
(logic 


Low) 
through 
a fusible 
link. 


As mentioned 
earlier, 
an unprogrammed 
fuse 


acts as an open 
connection 
which 
is pulled 
to 


a logic 
High. 
Therefore 
the output 
of the 
Ex- 


OR gate acts as an inverting 
buffer. 
When 
the 


fuse 
is 
programmed, 
there 
is 
a connection 
between 
ground 
(logic 
Low) 
and 
the 
input 
of 


the 
Ex-OR 
gate. 
This 
will 
cause 
the 
Ex-OR 
gate 
to 
act 
as 
a non-inverting 
buffer. 


NOTES: 
1 All unprogrammed 
or Vlrgm "AND" 
gale locatIons are pulled to logIc "1" 


2. All unprogrammed 
or Vlrgm "OR' 
gate locatIOns are pulled to logiC "1 
3. 
Programmable 
corrections 


b. 
Programmed. 
The 
Non-Inverting 
Buffer 


is 
Connected 
to 
the 
AND 
Gate 


Figure 
3. 
How 
a 
Fuse 
is 
Programmed 
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AND 
ARRAY 
FUSE 
OUTPUT 
POLARITY 
FUSE 


JEDEC 
SPECIFICATION 
PROGRAMMING 
PROGRAMMING 
ALGORITHM 
ALGORITHM 


1 - 
High impedance 
Fuse 
unprogrammed 
Fuse 
programmed 
(open 
circuit) 
(short 
circuit) 


0- 
Low impedance 
Fuse 
programmed 
Fuse 
unprogrammed 
(short 
circuit) 
(open 
circuit) 


Figure 
4 shows 
the 
definition 
of 
the 
output 


polarity 
for the 
PLHS18P8A. 
As can 
be seen. 


the output 
configuration 
of the 
PLHS18P8A 
is 


equivalent 
to 
an 
Ex-OR 
gate. 


The 
programming 
algorithm 
for 
the 
output 


polarity 
section 
of the PLHS18P8A 
is different 


from 
that 
of 
the 
AND 
array. 
For 
the 
output 


polarity 
a JEDEC 
"1" 
(high 
impedance) 
pro- 


grams 
(short 
circuits) 
the 
Ex-OR 
gate 
fuse, 


whereas 
a "0" 
(low 
impedance) 
leaves 
the 


fuse 
intact 
(open 
circuit). 


The 
programming 
specifications 
are transpar- 


ent 
to the 
user 
and 
do 
not 
need 
to be taken 


into 
consideration 
when 
designing 
with 
the 


PLHS18P8A. 
Table 
1 
shows 
the 
resulting 


programming 
algorithm 
from 
the 
JEDEC 
specification. 


C. The 
Security 
Fuse 
- 
Programming 
equip- 


ment 
used 
to 
program 
the 
PLHS 18P8A 
are 


capable 
of 
determining 
the 
logic 
pattern 


stored 
in this 
device 
(see 
Appendix 
A). 
The 


security 
fuse 
can 
be 
blown 
to 
disable 
the 


programmer 
from 
reading 
the 
pattern 
in a 


programmed 
device. 
This 
feature 
adds 
a 
measure of protection for proprietary designs. 


The 
procedure 
for 
programming 
this 
fuse 


depends 
on 
the 
programmer 
manufacturer 


and 
is explained 
in the 
manufacturer's 
opera- 
tions 
manual. 


DESIGN 
TOOLS 
FOR THE 


PLHS18P8A 


Many 
CAD 
tools 
such 
as 
Signetics' 
AMAZE 


software2 
are 
available 
to implement 
designs 


using 
the 
PLHS 18P8A. 
The 
AMAZE 
software 


enables 
the 
user 
to 
enter 
the 
design 
in 
the 


form 
of 800lean 
equations 
or via the program 


table 
shown 
In Table 
2. This 
program 
table 
is 


a one-to-one 
map 
of 
all 
the 
programmable 


links 
of 
Figure 
2. The 
following 
explains 
the 


implementation 
of designs 
using 
the 
program 


table. 
Also, 
an example 
on using 
the 
800lean 


Logic 
Entry 
program 
of the 
AMAZE 
software 


is given. 


Using 
PTE 
(Program 
Table 
Entry) 
- 
As- 


sume 
that 
Z is a typical 
logic 
function 
with 
the 


following 
equation: 


Z ~ PO + P1 


Where 
PO and 
P1 are 
product 
terms 
with 
the 


following 
equations: 


PO = A 
- 18 
C 


P1 ~ IA 
- 
8 
ID 


The 
program 
table 
in 
Table 
2 
is 
used 
to 


implement 
this 
equation. 
Table 
3 shows 
the 


implementation 
of the logic 
function 
using 
the 


PTE. 
The 
first 
group 
of AND 
terms 
is used 
to 


implement 
this 
function. 
8(7) 
is used 
for 
the 


output. 
10, 11, and 
12 as 
inputs. 


- 
Term 
0 is the 
direction 
control 
term. 
It is 


the 
tri-state 
output 
enable 
control 
term. 


Since 
Z is configured 
as an output, 
leaving 


T arm 0 in its unprogrammed 
state 
causes 


the 
output 
to be 
unconditionally 
enabled. 


- 
Term 
1 is the 
P-term 
labeled 
PO, where 
A'/B'C 
is designated 
by HLH 
in columns 


10, 11, and 
12. 


- 
Term 
2 is the 
P-term 
labeled 
P1, 
where 
I A'8- 
ID is designated 
by LHL 
in columns 


10, 11, and 
12. 


- 
Terms 
3, 4, 5, 6, 7. At least 
one 
input 
(or 


all 
the 
inputs) 
must be set to zero to 


disconnect 
these 
terms 
from 
the OR gate. 


- 
The output 
polarity 
for 8(7) 
is H, and this 
IS 


entered 
in 
the 
'Polarity' 
section. 


Using 
BLAST 
(Boolean 
Logic 
And 
State 


Transfer) 
- 
The 
BLAST 
module 
in 
AMAZE 
can be used to implement the above equa· 
tion. 
Figures 
5 and 
6 show 
the 
pin 
list 
and 


logic 
equation 
format. 
Table 
4 is the 
program 


table 
generated 
from 
these 
equations. 
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APPENDIX 
A 


Programmers 
The PLHS18P8A can be programmed by 
means of logic programming equipment. With 
Logic Programming, the AND/Ex-OR gate 


input 
connections 
necessary 
to 
implement 
the desired logic are coded directly from the 
logic equations 
using the 
program table 


shown in Table 2. 


The symbols used in the program table corre- 
spond to the fusing pattern of the corre- 
sponding link pairs, defined in Figure 6. 


To program the device, the address of every 
fuse to be programmed must be entered in 
the programmer. This is a tedious and error- 
prone method of implementing the required 
logic pattern. Using CAD software, such as 
Signetics' AMAZE software, enables users to 
go directly from program table or logic equa- 
tions to a fuse plot. The fuse plot can be 
downloaded to a programmer through a serial 
port. The downloaded fuse plot is in JEDEC 
format. 


APPENDIX 
B 


The vertical fuse is the latest in programma- 
ble logic technology. It combines reliability, 


low capacitance 
and 
testability 
in an incredi- 
bly small space. 


The vertical fuse takes advantage of the 


properties 
of silicon and aluminum. 
The virgin 


fuse is a three-layer 
device: 
a shallow 
layer of 


N-type silicon on top, a layer of P-type silicon 
in the middle, and a layer of N-type silicon on 
the bottom. This forms a pair of PN diodes, 
back-to-back, which will not allow current to 


pass 
under 
normal 
circumstances. 


There is a cap of aluminum on top of this 
structure. During programming, high current 
conditions (50 to 100 times what is seen 
during normal operation) is induced by ava- 
lanche breakdown of the reverse-biased di- 
ode. The aluminum will "spike" 
through the 
shallow N-type layer. Once the aluminum has 
spiked through, the top diode in the pair is 
shorted out. The whole vertical fuse will then 
look like a pure PN diode. Before program- 
ming, the fuse is an excellent blocking ele- 
ment, having current leakages in the order of 
nanoamps. After programming, the fuse is set 
as a small, well-defined diode. 


QUALITY 
BeSides the AC and DC parametrics, each 
and every fuse goes through three tests for 


forward 
Characteristics, 
reverse 
characteris· 
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tics, and programmability. Extensive on-chip 
test circuitry ensures full AC parametric test- 
ing before and after the part is programmed. 


This 
insures 
that 
the 
customer 
receives 
the 


highest possible fusing yield which is made 
possible by vertical fuses. Vertical fuses also 
offer the smallest and fastest array structure 
together with the highest reliability possible. 


APPENDIX 
C 


Test 
Array 
The PLHS18P8Amay be subjected to AC and 
DC parametric tests prior to programming via 
an on-chip test array. Table C1 shows the 
test columns in the part. The test sequence is 
as follows. 


Test column 1 is connected to B(O)O,2, 4, 6 
while test column 2 is connected to B(0)1, 3, 
5, 7. Applying 10V to Pin 11 will put all the 
outputs in the Active-High mode and tri-state 
its associated input buffer. 


Applying 10V to Pin 8 Willdisable B(O) 0 - 3, 
enable B(O) 4 - 7, tri-state B(I) 4 - 7, tri-state 
its associated input buffer, disable the AND 
array and enable test columns 1 and 2. The 
test columns are defined during programming 
by the PLD programmer. 


Signetics 


INTRODUCTION 
The PLHS473 is a 24-pin field- programmable 
logic array (FPLA) which has 11 dedicated 
inputs, 2 dedicated outputs and 9 bidirection- 
al I/0s. The logic array consists of 24 pro- 
grammable product terms which are connect- 
ed to 22 programmable 
OR terms 
in the 


classical PLA architecture. A functional dia- 
gram is shown in Figure 1. The shaded areas 
represent 
programmable 
interconnects 
be- 


tween 
vertical 
and 
horizontal 
lines. 
Eleven 


dedicated inputs, 10to 110,are located on the 
upper lefthand corner at the diagram, and the 
9 bidirectional II0s, Bo to Ba are located on 
the lower righthand corner. All inputs to the 
AND 
array 
have 
true 
and 
inverting 
input 
buffers. The output portion of the 9 bidirec- 
tional 
II0s 
and 
2 
outputs 
may 
be 
pro- 


grammed to be Active-High or Active-Low by 
altering fuses Xo to Xa, XA and Xs which are 
connected 
to one leg of the Exclusive-OR 


gates. Each output is connected to two OR· 
terms, one of which provides the logic func- 
tion OR to the output while the other provides 
the ENABLE function for the tri-state output 
buffer. 
Alternatively, 
each 
output 
may 
be 


configured 
to emulate 
an open-collector 
out- 


put by programming the output to an uncondi- 
tional LOW and apply the logic function on 
the tri-state controlling OR-term as shown in 
Figure 2. In addition, 
the PLHS473 
has a 


security fuse which may be programmed to 
lock out unauthorized access to the fuse map 
of the design. 


This 
device 
is fabricated 
with an oxide-isola- 
tion process for the best speedlpower 
perfor- 


mance. The programmable element is a "ver- 
tical fuse" 
which is actually two PN diodes 


connected 
back-to-back 
(anode-to-anode 
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stacked on top of one another) as shown in 
the insets of Figure 1. The fuses are normally 
open-circuited. 
To program a fuse, a suffi- 
ciently high voltage is applied across the two 
diodes 
such 
that 
one diode breaks 
down 
which induces metal migration across the PN 
junction of the avalanched diode. This tech- 
nology allows smaller chip size and faster 
speed performance. 
The guaranteed propa- 


gation delay may be tested by using the two 
factory-programmed 
test columns and a test 
row as a test vehicle for speed testing. These 
test columns are to be deleted automatically 
in the process of programming. 


The vertical fuses of an unprogrammed de- 
vice, being normally 
open-circuited, 
set all 
AND terms to a High state and disconnected 
to all OR terms. The OR terms are normally 
Low when they are not connected to the AND 
terms. Once an AND term is programmed to 
make connections with the OR array, it can· 
not be disconnected. 
However, AND terms 


may be disabled 
by having 
the 
true and 
inverting input buffers (e.g., A • I A, B • IB, 
etc.) of all inputs connected to the AND term 
which is to be disabled. 


While even a single input, (A • IA), will hold 
the AND term to a Low, glitches may develop 
if the input voltage changes state. Therefore, 
it is recommended 
that the complementary 
buffers of all inputs in the disabled AND term 
be connected. 


Programming 
the 
PLHS473 


The programming table and symbols of the 
PLHS473 are shown in Table 1 where there is 
a place for every function that is shown in 
Figure 1. The table is divided into two main 


sections. The left side of the table, sections A 
and B, represents the input side of the AND 
array (section A has all dedicated inputs 
10 to 


110,section B has inputs from the bidirectional 
Il0s Bo to Ba), whereas the right side, sec- 
tions C, D, and E, represents the outputs of 
the OR array. Section C represents the OR 
array which controls the tri-state output buf- 
fers of the bidirectional 
II0s Bo to Ba and 
outputs 0A and Os, while section D repre- 
sents the OR array which drives the outputs. 
Section E controls the output polarity of each 
output. As shown in Table 
I, 
the program 


table is very similar to a truth table. Each row 
represents one of the 24 product terms, while 


each 
column 
in sections 
A and 
B represents 


an input to the 
24 product 
terms 
and 
in 


sections C and D, each column represents an 


output. 
The 
intersection 
of a column 
and 
a 


row 
in 
sections 
A 
and 
B 
represents 
four 


possible fuse configurations, namely, 1) both 


inverting 
and 
non-inverting 
input 
buffers 
are 


connected 
to 
the 
AND 
term, 
2) only 
the 


inverting buffer is connected, 3) only the non- 
inverting input buffer is connected, 
and 4) 


both inverting and non-inverting 
buffers are 


disconnected. 
These 
four 
configurations 
are 


represented 
as "0", 
"L", 
"H", 
and" 
- ", 


respectively_ 
Each 
intersection 
of a row and a 


column 
in sections 
C and 0 involves 
only two 


fuse 
configurations, 
either 
connected 
or dis- 
connected. 
Therefore, the entry there is ei- 


ther "A" 
or " - ", respectively. In the polarity 


control section (section E), each square rep- 


resents 
the configuration 
of the fuse connect- 
ed to the Exclusive-OR, which is connected 
to a particular output pin. An "H" 
represents 


an Active-High 
or non-inverting 
output, 
an 


"L" 
represents 
an 
Active-Low 
or 
inverting 
output. See Table 1 for further details. 
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NOTES: 
1. All unprogrammed 
or virgin "AND" 
gate 
locations 
are 
pulled 
10 logic "1" 
2 
All unprogrammed 
or virgin 
'OR' 
gate 
locations 
are pulled 
to logic "0' 
3 
Programmable 
connections 


HIGH. An example is shown in Table 2, term 
a where pins 0A, Oa B(0)8 are programmed 
as dedicated outputs. The input section of 
term a is entirely "dashed out" (this is actual- 
ly its unprogrammed state) which causes the 
AND term to be unconditionally HIGH. OR 
terms EA' Ea, and DB are connected 
to 


product term a by the "A" 
entries in their 
respective squares. The rest of the D section 
and the B(O) section are "dotted out" (left 
unconnected) 
since 
we 
are not 
concerned 
with them for the moment. If more outputs are 
needed later on, their corresponding squares 
may be changed to "As" 
from "dots" 
as the 


need arises. 


Notice that as shown in Figure 1, all fuses in 
their unprogrammed state are normally open- 
circuited. This means that all product terms 
are initially disconnected to the OR array, all 


OR gates are initially at a logic LOW, and all 
output pins are initially in High-Z state. There- 
fore, if anys of the outputs are to be enabled, 
its controlling OR term must be set to a logic 
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1. 
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NOTES: 
1. This is the initial unprogrammed state of all link pairs. 
2. Any gate Pn wilt be unconditionally inhibited if anyone 
of its (I, B) link pairs is programmed for a 


connection. 


Once we have determined the outputs, we 
can proceed with defining the logic functions. 
As an example, the logic function 


OUT-O~ INPUT-1' 
/INPUT-2 


is shown in Table 2, term #2 
where in the 


column labeled "INPUT-1", 
an "H" 
is en- 


tered to represent a connection of the non- 
inverting input buffer of INPUT-1 and the AND 
term 2. In the column labelled "INPUT-2", an 
"L" is entered to represent the connection of 
the inverting input buffer of INPUT-1 and the 
AND term 2. On the output side of the table, 
Os in term 0 is programmed "A" 
to make a 


connection between term 2 and the OR term 
which is connected to the output pin Os: The 
output 
polarity of Os is arbitrarily set to 


Active-High by programming an "H" 
in the 


Os column of the polarity section. 


A sum of several product terms (AND-OR) is 
implemented 
by connecting 
multiple AND 


terms to the same OR term. An example is 
shown in Table 2, terms 4 and 5, which 
implement the logic function 


OUT-1 ~ (INPUT-1 
'/INPUT-2) 
+ 
(INPUT-3 ' 
INPUT-4) 


OUT-2 = /(INPUT-1 
' 
INPUT-2) + 
(INPUT-3 ' 
INPUT-4») 


is shown in terms 9 and 1O. The output is 
Active-Low as programmed" L" in the polari- 
ty section of OUT-2. As a rule, the AND 
function is implemented in a row, whereas the 
OR function is implemented in a column. 
Since the AND portions of terms 2 and 4 are 
the same, they may be combined as shown in 
term 7, which saves a duplicated term. 


Table 2 terms 12 and 13 together emulate an 
open-collector 
output as an example. The 


logic equation 


O-C= /«INPUT-1 
' 
INPUT-2) 
+ 


(INPUT-3 ' 
INPUT-4)) 


is implemented by first programming o-c 
Active-High in the polarity section. Terms 12 
and 13 implement the sum of product func- 
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tion. Notice that the B(O) of O-C is pro- 
grammed as a "dot" in both terms 12 and 13, 
which, 
together 
with 
the 
polarity 
contrOl, 


causes it to be unconditionally Low, since a 
disconnected OR term is unconditionally Low. 
The intersections of column D7 and terms 12 
and 13 are programmed "A" 
so that the tri- 
state output buffer of B(Oh is enabled at 
input conditions (INPUT-1 ' INPUT-2) = 1 or 
(INPUT-3' 
INPUT-4) = 1. Terms 10 and 11 


may be represented as shown in Figure 3. 


Signetics 
produces 
a software 
package, 


AMAZE, as a design tool which assists imple- 
mentation of logic design and documentation. 
For further information on AMAZE software, 
refer to the AMAZE User's 
Manual. Two 


simple circuits shown as examples are imple- 
mented using AMAZE. The first circuit is a 
simple cross-coupled RS latch. The second 
circuit is a multiplexer/demultiplexer 
which 


multiplexes four inputs to one output or dem- 
ultiplexes one input into four outputs. Both 
circuits are put into the same PLHS473 de- 
vice. 
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Signetics 


INTRODUCTION 
The general technique underlying the opera- 
tion of this AID 
converter is illustrated by the 
fuctional 
block diagram in Figure 1. The 


system consists of a 01A converter, a com- 
parator circuit, and digital logic circuitry. The 
digital logic circuitry outputs a digital vaue 
which is converted to analog by the 01A 


converter. 


The comparator senses when the output is 
greater or less than the input and causes the 
digital circuit to decrement or increment its 
digital output respectively. The initial conver- 
sion is completed 
in 13 clock 
cycles. 
If 
tracking mode is used, the AID 
converter 


then tracks the input voltage as it changes by 
incrementing 
or decrementing 
1-LSB per 


clock. The tracking function makes it possible 
to make an AID 
conversion in one clock 


cycle if the input changes less than the value 
of 1-LSB per clock period. The conversion 
may be halted and the digital output, as well 
as the converted analog output from DAC,will 
hold their output constant indefinitely. This 
feature works well as sample-and-hold since 
its output voltage will not decay over time 
whereas the output of an analog samplelhold 
will decay due to charge leakages. 


In order to avoid the violation of setup time by 
the output of the comparator, its output is 
latched. There is a built-in 2-phase clock in 
U2 which may be used to drive the logic 
circuitry and the latch of the comparator (see 
Signetics NE5105 data sheet for details on 
output latches of voltage comparators). 


The analog input voltage may be sampled 
and held by an analog samplelhold circuit to 
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keep the input to the ADC from changing. The 
DONE output may be used to control the 
sample-and-hold if needed. 


This paper discusses only the digital circuit 
which contains the SAR and the Up/Down 
Counter. The analog circuits are not within 
the scope of this paper. 


SAR 
Two PLS179s are connected together to form 
a 12-bit shift register and upldown counter. 
The schematic diagram of the AID 
converter 


is shown in Figure 2. U2 contains bits 0 to 4 
and U1 contains Bits 5 to 11. Interconnects 
are made as shown in the diagram. The 
digital output to the DAC is in natural binary 
format (e.g. 0000 0000 0000 equal zero, and 
1111 1111 1111 is full scale or 4095). After 
theiST input becomes 0, at the rising edge of 
the next clock, the SAR is initialized to half- 
scale (1000 0000 0000) and the DONE flip- 
flop is reset to output 0 which causes the 
open-collector output IDONE_OC to become 
high impedance. The digital output is convert- 
ed by the DAC and is compared to the analog 
input voltage by the comparator. If the digital 
output is greater than the analog input, the 
SAR shifts the 1 to next MSB on the right. 
The content of the SAR becomes (01000000 
0000). If the digital output is still greater than 
the input, the SAR shifts right one bit again. 
The content of the SAR then becomes (0010 
0000 0000). The shifting of 1 to the next MSB 
in equivalent to reducing by half the value of 
the bit under consideration. If the output is 
still too large, the SAR reduces it by half 
again by shifting to the right one more time. 


12·BIT SAR 
ANO 


UP/DOWN 
COUNTER 


The SAR keeps shifting to the right until the 
digital output is less than the input. When the 
output is less than the input, the SAR adds 
one bit to the next MSB while keeping all the 
higher order bits unchanged. For example, if 
the current output is 0001 00000000 and the 
output is less than the input, the SAR adds 
one bit to the right at the next clock. The 
output becomes 0001 1000 0000. The output 
is again compared to the input. If the addition 
of that one bit is too much, it will be shifted to 
the right until the output becomes less than 
the input. When that happens, that SAR will 
again add one bit to the right. The algorithm 
of the SAR may be summarized as the 
following: If the output is greater than the 
input, shift to the right; otherwise add one bit 
to the right. This process continues until all 12 
bits have been operated on. The last bit (Bit 
0) is always changed from 0 to 1, which is 
used as the condition to set DONE to 1 
which, in turn, sets open-collector output, 
IDONE_OC, to O. 


UP/DOWN 
COUNTER 


After DONE becomes 1, if 1ST and IHOLD 
are 1 and ITRACK is 0, the SAR turns into a 
12-bit upl down counter. If the analog input 
voltage increases, the counter will increment 
by 1 at every clock until it matches the input. 
If the input decreases, the counter will decre- 
ment by 1. When IHOLD becomes 0, the 
counter is inhibited and the output is held 
indefinitely. The counters consist of 12 toggle 
flip-flops and 2 p-terms per flip-flop for direc- 
tional control. The counter will operate only 
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after the approximation cycle is completed 
and DONE is 1. 


Since the 1ST 
and IHOLD inputs may be 
asynchronous with the clock, in order to 


minimize 
the possibilities 
of having 
a metasta- 
ble condition from happening, these inputs 
close-up are latched by flip-flops ISTART 
of 


Ul and IHLD of U2 respectively. Once they 
are latched, subsequent operation begins at 
the rising-edge of the next clock. The output 
of the comparator may be latched to prevent 
setup time violation. (Signetics NE5105 is a 
high-speed comparator with an output latch. 
External latch may be used with other com- 
parators.) 


CLOCKS 
U2 generates an optional 
2-phase clock 


which may be used to control the latch of the 
comparator. The two clocks are basically 
180· out of phase and CLOCK2 has an 
additional 25ns propagation delay behind 
CLOCK1. CLOCK2 is used to drive the c1ock- 
inputs of the PLS179 devices. 


The clock frequency is controlled by Rand C. 
Those who want to use the built-in clock 
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should experiment with RC time constants for 
the best value. It is recommended that the 
capacitance should be less than 1000pF for 
best results (see Ap Note AN13 for more 
detail). 


DONE 
AND 
tDONE_OC 


The output DONE is reset to 0 when 1ST is O. 
It remains 0 until the approximation cycle is 
completed. After the least significant bit be- 
comes 1, the DONE bit becomes 1 at the next 
clock. It remains 1 until it is reset again by 
input 1ST. 


The IDONE_OC output is configured to emu- 
late an open-collector output. The output is 
programmed to have a logic O. When DONE 
is 0, the Tri-state output buffer is set to Hi-Z 
condition. As soon as DONEequals 1,the Tri- 
state buffer is enabled and IDONE_OC be- 
comes O. 


In the initial phase of AID conversion, 13 
clock cycles are required. It is essential that 
the input voltage to the comparator remains 
unchanged while the SAR is converting. It 
may be necessary to have a sample/hold at 


the front end. The DONE output may be used 
to control the analog sample/hold circuit. 


INPUT 
LATCHES 


Flip-flop 1ST ART and 2 p-terms in U1 are 
configured as a non-inverting 0 flip-flop. The 
input, 1ST, and the output ISTART have the 
same polarities. Flip-flop IHLD and 2 p-terms 
in U2 also form a non-inverting 0 flip-flop. The 
output IHLD and the input IHOLD have the 


same 
polarities. 


AMAZE 
INPLEMENTATION 


The implementation of the logic circuit using 
AMAZE is as shown in the appendices. The 
SAR circuit is first designed as a state ma- 
chine (file name: ADCS.SEE).It is then parti- 
tioned into two PLS179s after proper pin 
assignments are made. Then the upl down 
counter, input latches, 2-phase clocks and 
the open-collector output, are implemented 
by using Boolean equations in their respec- 
tive .BEE files (file names: ADCB1.BEE and 
ADCB2.BEE) in AMAZE. The files are then 
assembled to 
produce the 
fuse-maps of 


PLS179 (ADCB1.STD and ADCB2.STD). 


File 
Name: 
ADCS 
Date: 
10/21/1986 


Time: 
11:2:14 


@OEVICE 
SELECTION 
AOCBI/PLS179 
ADCB2/PLSI79 


@STATE VECTORS 
[ 
ISTART, 
BITl1, 
BITI0, 
BIT9, 
BIT8, 
BIT7, 
BIT6, 
BIT5, 
8IT4, 
8IT3, 
8IT2, 
BITl, 
&ITO, 
DONE] 


"START 
CONVERSION 
PROCESS" 
"SET 
5AR 
TO HALF 
SCALE" 
"PRESENT 
STATE 
= 
2048 
(HALF 
SCALE>" 


INIT 
HALF5CALE. 
5T2048 
5TI024 
5T512 
5T256 
5T128 
ST64 
5T32 
5T16 
STB 
STO 
ST2 
STI 


ADI024 
AD512 
AD256 
AD128 
ADb4 
AD32 
AD16 


ADB 
ADO 
AD2 
ADI 
END 


5HI024 
SH512 
SH256 
5H128 
SH64 
SH32 
5Hlb 
SHB 
SHO 
SH2 
SHI 
SHO 


o 
---- 
- 
b 


- 
1000 0000 
0000 
0 b 


1000 0000 
0000 
0 b 
-100 
0000 
0000 
0 b 


--10 
0000 
0000 
0 b 


---1 
0000 
0000 
0 b 
1000 0000 
0 b 
-100 
0000 
0 b 


--10 
0000 a 
b 
---1 
0000 0 b 
1000 a 
b 
-100 
0 b 


--10 0 b 
---lOb 


- -1-- 
- b 


- --1- 
- b 


- ---1 
- b 
1--- 
- 
b 
-1-- 
- b 
--1- 
b 
---1 
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1--- 
b 
-1-- 
b 
--1- 
- 
b 
---1 
b 
1 b 


- 
01-- 
- 
-01- 


- --01 
- 
---0 
1--- 
01-- 
-01- 
--01 
---0 


b 
- 
b 
- 
b 


- 
b 
b 


- 
b 
b 


1--- 
b 
01-- 
b 
-01- 
b 
--01 
- 
b 


---0 
1 b 


@INPUT 
VECTORS 
[ 
COMPARE] 


GREATER = 
1 b; 
"IF 
DIGITAL 
OUTPUT 
IS 
GREATER 
THAN ANALOG 
INPUT, 
LESS 
= 
0 
b; 
"IF 
DIGITAL 
OUTPUT 
IS 
LESS 
THAN ANALOG 
INPUT, 
•••••• 


ll!TRANsITIONs 
WHILE 
[ 
INI 
T 
] 
IF 
[] 
THEN 
[ 
HALFsCALE] 
"INITIALIZE 
REGISTER 
TO 
HALF 
SCALE" 
WHILE 
[ 
ST2048 
] 
IF 
[ 
GREATER 
] 
THEN 
[ 
SHI024 
] 
"IF 
GREATER 
THAN, 
SHIFT 
1 
BIT" 
IF 
[ 
LESS 
] 
THEN 
[ 
ADI024] 
"IF 
LESS 
THAN, 
ADD 
1 
BIT" 
WHILE 
[ 
sTI024 
] 
IF 
[ 
GREATER 
] 
THEN 
[ 
SH512 
] 
IF 
t 
LESS 
] 
THEN 
[ 
AD512 
] 
WHILE 
[ 
ST512 
] 
IF 
t 
GREATER 
] 
THEN 
[ 
SH256 
) 
IF 
[ 
LESS 
] 
THEN 
[ 
AD256 
) 
WHILE 
[ 
sT256 
) 
IF 
[ 
GREATER 
) 
THEN 
( 
sH128 
] 
IF 
[ 
LESS 
] 
THEN 
( 
AD128 
] 
WHILE 
( 
sT128 
) 
IF 
( 
GREATER 
J 
THEN 
( 
SH64 
) 
IF 
( 
LESS 
) 
THEN 
( 
AD64 
) 
WHILE 
( 
ST64 
] 
IF 
( 
GREATER 
] 
THEN 
( 
SH32 
) 
IF 
( 
LESS 
) 
THEN 
( 
AD32 
) 
WHILE 
[ 
5T32 
) 
IF 
( 
GREATER 
) 
THEN 
( 
SH16 
] 
IF 
[ 
LESS 
] 
THEN 
( 
AD16 
] 
WHILE 
[ 
ST16 
) 
IF 
( 
GREATER 
J 
THEN 
( 
SH8 
) 
IF 
[ 
LESS) 
THEN 
[ 
AD8 
] 
WHILE 
( 
5T8 
) 
IF 
( 
GREATER 
) 
THEN 
( 
sH4 
) 
IF 
( 
LESS 
) 
THEN 
[ 
AD4 
) 
WHILE 
[ 
ST4 
] 
IF 
[ 
GREATER 
] 
THEN 
[ 
sH2 
] 
IF 
( 
LESS 
] 
THEN 
( 
AD2 
) 
WHILE 
( 
5T2 
] 
If" 
( 
GREATER 
) 
THEN 
( 
SHI 
] 
IF 
[ 
LESS 
] 
THEN 
( 
ADI 
] 
WHILE 
( 
5Tl 
) 
IF 
[ 
GREATER 
] 
THEN 
( 
SHO 
) 
IF 
[] 
THEN 
(END] 


Fi 1e 
NamR 
: 
AOCB2 
Date: 
10/21/1986 
Time: 
10:'58:26 


LABEL .. FNC 
**PIN --------- 
PIN** 
FNC ** 
LABEL 
CLOCK 
** 
CK 
** 
1-: 
:-24 
** 
+SV 
**VCC 
ISTART 
** I 
** 
2-: 
:-23 
** 
18 
**/DONE -DC 
COMPARE 
** 
I 
** 
3-: 
:-22 
** 8 
**N/C 
IHOLD 
I 
** 
4-: 
p 
:-21 
** 0 
**/HLD 


ITRACK 
I 
** 
5-: 
L 
:-20 
** 
0 
**BIT4 
BITS 
I 
6-: 
S 
:-19 
** 
0 
**BIT3 
N/C 
** 
I 
** 
7-: 
1 
:-18 
** 
0 
**BIT2 
N/C 
** I 
** 
8-: 
7 
:-17 
** 
0 
**BIT1 
N/C 
** 
I 
** 
9-: 
9 
:-16 
** 0 
**BITO 
RC 
18 
** 
10-: 
:-15 
0 
**DONE 


CLOCKI 
** 
0 
** 
11-; 
:-14 
** 
10 
**CLOCK2 
GND 
** 
OV 
** 
12-: 
:-13 
** 
10E 
**N/C 


File 
Name: 
ADCB1 
Date: 
10/21/1986 
Time: 
10:53:7 


LABEL 
CLOCK 
1ST 
COMPARE 
IHLD 
ITRACK 
BIT4 
BIT3 
BIT2 
BITt 
BITO 
DONE 
GND 


** 
FNC 
**PIN 
--------- 
PIN** 
FNC 
** 
CK 
1-: 
:-24 
** 
+5V 
** 
I 
** 
2-: 
:-23 
** 
18 
** 
I 
** 
3-: 
:-22 
** 
a 
I 
** 
4- : 
P 
; -21 ** 0 
1 
** 
5- : 
L 
:-20 
0 
I 
6- : 
S 
:-19 ** a 
1 
7-: 
1 
:-18 ** a 
I 
8-: 
7 
: -17 
** 
0 
I 
9-; 
9 
1-16 
0 
I 
10-: 
;-15 
a 
I 
11-: 
;-14 ** 
IB 
OV 
12-: 
: -13 ** 
IDE 


**vcc 
**N/C 
**/START 
**BITll 
**BITI0 
* .•.BIT9 
**BIT8 
**BIT7 
**BIT6 
**BIT5 
*__ 
N/C 


-*N/C 


File 
Na.e 
: 
AnCBl 
D.te 
, 
10/21/19Bb 
Tiae 
: 
10:54:48 


.DEVICE 
TYPE 
PLS179 
.DRAWING 
llREVISION 
.DATE 
@SYMBOL 
FILE NAME 


@COMPANY 
@NAME 
@DESCRIPTION 
@COMMON 
PRODUCT 
TERM 
@COMPLEMENT 
ARRAY 


@I/O 
DIRECTION 
@OUTPUT 
POLARITY 
@FLIP FLOP CONTROL 
FC = 
1 ; 
"SET ALL FLIP FLOP TO BE J/K" 


@OUTPUT 
ENABLE 
@REGISTER 
LOAD 
@ASYNCHRONOUS 
PRESET/RESET 
@FLlP FLOP MODE 
@LOGIC 
EQUATION 
"NON-INVERTING 
INPUT LATCH, 
ISTART 
START 
: 
J 
= 
ST; 


K = 
1ST 
; 


"UPI DOWN COUNTER 
ROUTI NE" 


IBITS 
: 
T 
= 
ISTART 
* 
TRACK 
* 
DONE 
* 


IBIT2 
* 
IBIT3 
.• IBIT4 
+ 


ISTART 
* 
TRACK 
* 
DONE 
* 
BIT2 
* 
BIT3" 
BIT4 
; 


IBIT6 
: 
T 
1ST ART 
.• TRACK 
* 
DONE 
.• 
IBIT2 
.• IBIT3 
* 
IBIT4 
* 


ISTART 
* 
TRACK 
.• DONE 
.• 
BIT2.. 
BIT3 
* 
BIT4 
* 


IBIT7 
T 
ISTART * TRACK * DONE * 
IBITO 
* 
IBITl 
* 
IBIT2 
* 
1ST ART * 
TRACK 
.• DONE 
* 
BITO" 
BIT1.. 
BIT2 
.• 
IBITS 
T 
z 
1ST ART 
.• TRACK 
.• DONE 
* 
IBIT2 * IBIT3 * IBIT4 * 
1ST ART 
.• TRACK 
.• DONE 
.• 


IHLD 
* 
COMPARE 
* 
IBITO 
.• IBITt 
* 


IBITS 
+ 
IHLD 
* ICQHPARE 
* 
BITO 
* 
BITt 
* 
BITS 
; 


IHLD 
* 
COMPARE 
* 


IBIT3 
.• IBIT4 
* 
IBITS 
.• 18IT6 
+ 
IHLD 
.• ICOMPARE 
* 
BIT3 * 
BIT4 * 
BIT~ * 
BITb 
I 


IHLD 
* 
COMPARE 
.• IBITO 
* 
IBITt 
.• 
IBIT~ .•181Th 
* 
IBIT7 
+ 
IHLD 
* ICOMPARE" 
BITO 
* 
BIT! 
* 


BIT2 * 
BIT3 
• 
BIT4 * 
BIT5 
* 
BITh 
.• 
BIT7 
; 
IBIT9 
T 
ISTART 
* TRACK 
.• DONE 
* 
IHLD 
.• 
COMPARE * IBITO 
.• IBITt 
* 
IBIT2 * IBIT3 * IBIT4 * 
IBITS 
* IBITh 
.• IBIT7 * IBITB 
+ 
ISTART 
.• TRACK 
* 
DONE 
* 
IHLD 
.• ICOI'FARE 
.• 
BITO 
• 
BITI * 
BIT2 * 
BIT3 
• 
BIT4 * 
BIT~ * 
BITb * 
BIT7 * 
BITS 
; 
IBITtO 
T = ISTART * TRACK * DONE * 
IHLD 
.• 
CottPARE * IBITO * IBITt * 
IBIT2 * IBIT3 * IBIT4 * IBIT~ * 
IBITb 
* 
/BIT? 
• 
IBITB * 
IBIT9 
+ 
ISTART * TRACK * DONE * 
/HLD 
• 
ICOMPARE 
• 
BITO * 
BITt * 


BIT2 
• 
BIT3 
.• 
BIT4 
• 
BIT~ * 
81Th 
.• 
BIT7 * 
BITB * 
BIT9 ; 
IBITtI 
T = 
/START 
.• TRACK 
.• DONE * 
/HLD 
.• 
COl1PARE .• IBtTO 
.• IBITt 
* 
IBIT2 * IBIT3 * IBIT4 * IBIT~ * /81T6 
.• IBIT7 * 
IBITS 
.• 
IBIT9 * 
IBITI0 
+ 


ISTART * TRACK 
.• DONE * IHLD * ICOI1PARE .• BITO 
• BITI * 
BIT2 * 
BIT3 * 
BIT4 
.• 
BITS 
.• 
BITb 
.• 
BIT7 * 
BITB * 
BITt? 
.• 
BITtO ; 


File 
Name: 
AOCB2 
Date 
1 
10/21/1986 
Ti",~ 
: 
10:58:56 


@OEVICE 
TYPE 
PLS179 
@ORAWING 
@REVISION 
@DATE 
@SYMBOL 
FILE 
NAME 
ADCB2 


@COMPANY 
@NAME 
@DESCRIPTION 
@COt1MON 
PRODUCT 
TERM 
@COHPLEMENT 
ARRAY 
@l/O 
DIRECTION 
DO 
= 
RC 
; 
"RC 
OSCILLATOR" 
03 
= 
DONE; 
"ENABLE 
IDONE~OC 
TO 
OUTPUT 
A 
LOGIC 
LOW." 
@OUTPUT 
POLAR 
I TY 
@FLIP 
FLOP 
CONTROL 
FC 
= 
1 
; 
@OUTPUT 
ENABLE 
@REGISTER 
LOAD 
@ASYNCHRONOUS 
PRESET 
IRE SET 
@FLIP 
FLOP 
HODE 


"HO~ 
t11~ 
H2, 
113, 
H4, 
H5 
1; 
SET 
FO 
- 
FS 
TO 
J/K 
FLIP 
FLOPS." 


@LOGIC 
E.p4.ATION 
"NON-INVERTING 
INPUT 
LATCH: 
IHLD 
= 
IHOLD 
" 
HLD 
: 
J 
= 
HOLD; 
K 
= 
IHOLD 
; 


"UP/DOWN 
COUNTER 
ROUTINE" 


IBITO 
T 
ISTART" 
TRACK 
.• 
DONE" 
IHLD 
IBIT1 
T 
ISTART" 
TRACK 
.• 
DONE 
.• 
IHLD 
.• 
ICOMPARE" 
BITO 
+ 
1ST ART 
.• 
TRACK 
.• 
DONE 
.• 
IHLD" 
COMPARE" 
IBITO 


IBIT2 
: 
T 
ISTART 
.• 
TRACK 
.• 
DONE 
.• 
IHLD 
.• 
ICOHPARE" 
9ITO.. 
BITl 
+ 


ISTART 
.• 
TRACK 
.• 
DONE 
.• 
IHLD 
* 
COMPARE 
.• 
IBITO 
.• 
IBIT1 


IBIT3 
: 
T 
ISTART 
.• 
TRACK 
* 
DONE" 
IHLD 
.• 
ICOMPARE.. 
BITO" 
BIT1" 


"RC 
OSCILLATOR" 
RC 
1 (1) 
CLOCK1 
RC 
; 
CLOCK2 
= 
1 ( 
CLOCK 1 
) 


APPENDIX 
D: U1 ADCB1 
FUSE 
MAP 


File 
Name , AOCBl 


Date , 
10/21/1986 
Time 
: 
10,56:5 


Cust/P,-oject 
- 


Date 
Rev/I. 
O. 


PLS179 
F/F 
TYPE 
ECb}= 
ECa) 
= 
POLARTY 


--------------- 
T 
A,A,A:A:A:A:A:A 
0 
0 
L:UL:L 
E 


1 
__________________________________________________________________ 


R 
, 
, 
1 
, 
eCi) 
Q(p) 
Q(n) 
. B<o) 


M 
'C,---------------------------------------------------------------- 
, 
'7 -6-5-4-3-2-1-0'3 
2 
1 O~7-6-5-4-3-2-1-O~7-6-5-4-3-2- 1-O!3 -2-1-0' 


O~A!- - - - - - - L!- - - 
- - -,- - - -~H - - - - - - -!A 
A 
A 
A' 


t !A!- - 
- H!- - - -,- 
-,- - - -!L - - - - 
-!A 
A 
A 
A' 


2!A~L 
L 
L 
L,L 
H H 
- H L!L 
- - - - - - 
- - - - - - O!A 
A 
A 
A' 


3!A!H 
H H H,L 
H L -,- - H 
H!L - - -,- - 
- - - - 
O!A 
A 
A 
A' 
4!A!L 
L 
L 
L,L 
H H 
- H L!L - - - - - - H!- - - - - - 0 
-!A 
A 
A 
A' 


5!A!H 
H H H,L 
H L -,- - H H!L - - - - - - L!- - - - - - 0 
-!A 
A 
A 
A' 


6!A~L 
L 
L 
L,L 
H H _.- - H L!L 
- - - - - H H!- 
- - 0 - -!A 
A 
A 
A' 


7!A~H 
H H H,L 
H L -,- - H H!L 
- - - 
L 
L!- - 
, 
Q - -!A 
A 
A 
A' 
8!A!L 
L 
L 
L,L 
H H 
- 
H L!L 
- - - - 
H H H'- 
- - -,0 - - -!A 
A 
A 
A' 


9!A!H 
H H H,L 
H L -,- - 
H H!L 
- - L 
L 
L!- - - -,0 
- - -~A A 
A 
A' 


lO!A!L 
L 
L 
L,L 
H H 
- 
H L!L - - 
-,H 
H H H!- - - 
0,- 
-!A 
A 
A 
A' 
11 !A!H 
H H H,L 
H L 
- H H!L 
-,L 
L 
L 
L!- - - 0,- 
- - -!A 
A 
A 
A' 


12!AIL 
L 
L 
L,L 
H H 
- 
H L!L 
- - H,H 
H H H~- - 0 - - 
-'A 
A 
A 
A' 


13!A!H 
H H H,L 
H L -,- - H H!L - - L,L 
L 
L 
L!- - 0 - - - - -!A 
A 
A 
A' 


14!A!L 
L 
L 
L,L 
H H 
- H L!L 
- 
H H,H 
H H H!- 
0 - - - - - -!A 
A 
A 
A' 
15!A!H 
H H H,L 
H L -,- - 
H H!L - L 
L,L 
L 
L 
L!- 
0 - - - - - -!A 
A 
A 
A' 


Ib!A!- - - - - - - -,- - - -!H 
L 
H H,H 
H H H!A 
A 
A 
A' 


17!A!L 
L 
L 
L,- 
- H -,- - L 
L!L 
L 
H H,H 
H H H'- 
H L - - - - -!A 
A 
A 
A' 
18!A!L 
L 
L 
L,- 
- L -,- - L 
L!L 
L 
H H,H 
H H H!- - L 
- - -!A 
A 
A 
A' 
19!A!L 
L 
L 
L,- 
- H _.- - L 
L!L - L 
H,H 
H H H!- - H L,- 
- - -!A 
A 
A 
A' 


20!A!L 
L 
L 
L,- 
- L 
- L 
L!L - L 
H,H 
H H H!- - - L,- 
- - -!A 
A 
A 
A' 


21 !A!L 
L 
L 
L,- 
- H -,- - 
L 
L!L 
L,H 
H H H!- - - H,L - - -!A 
A 
A 
A' 


22!A!L 
L 
L 
L,- 
- L -,- - L 
L!L - - L,H 
H H H!- - - -,L 
- - -!A 
A 
A 
A' 
23!A!L 
L 
L 
L,- 
- H -,- - L 
L!L - - 
-,L 
H H H!- - - -,H 
L - -!A 
A 
A 
A' 
24!A!L 
L 
L 
L,- 
- L -,- - L 
L!L - - -,L 
H H H!- - - -,- L - -'A 
A 
A 
A' 


25!A!L 
L 
L 
L,- 
- H 
- L L!L - - -,- L 
H H!- 
-,- H L 
-!A 
A 
A 
A' 
26!A!L 
L 
L 
L,- 
- L -,- - 
L 
L!L - - -,- L 
H H~- - - -,- - L 
-!A 
A 
A 
A! 
27!A!L 
L 
L 
L,- 
- 
H -,- - L 
L!L - - - - - L 
H!- - - -,- - H L!A 
A 
A 
A' 


28!A!L 
L 
L 
L,- 
- L 
- L 
L!L - - - - - L H~- - - -,- - - L!A 
A 
A 
A! 


29!A!L 
L 
L 
L,- 
- H -,- - L 
L!L 
, - - L!- - 
, - - H!A 
A 
A 
A' 


30'0'0 
0 
0 
0,0 
0 
0 
O,!O 0 
0 
O!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
O!A 
A 
A 
A' 


31 !O!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 O~O 0 
0 
0,0 
0 
0 
O!A 
A 
A 
A' 
Fc!A!- 
- - - - 
- - _.- - - - - - - 
Pb!. 
!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
0' 
Rb!. 
!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
0' 
Lb!. 
!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
0' 


Pa!. 
!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
0' 


Ra!. 
!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
O! 
La!. 
!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
0' 


D3!. 
!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
0' 
02'. 
'0 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
0' 
Dt!. 
!O 
0 
0 
0,0 
0 
0 
O!O 
0 
0 
O!O 
0 
0 
0,0 
0 
0 
0' 


DO!. 
!O 
0 
0 
0,0 
0 
0 o~o 0 
0 
O!O 
0 
0 
0,0 
0 
0 
0' 


B 
B B 
B 
I 
I 
C 
I 
N 
N 
0 
B 
I 
B 
B 
B 
B 
B 
B 
B 
I 
B B 
B 
B B 
B 
B 
N 
N 
0 
B 
1 I 
I 
I 
T 
H 0 5 r rn 
I S T"I T r 1 I ' I 'S 1 I r 
T 
I 
I I' r'-I '0 
I 
T 
T 
T 
T 
R 
L 
M 
T 
C 
C 
N 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
C 
C 
N 
T 
1 2 
3 4 
A 
0 
P 
E 0 
A 
1 
1 9 B 7 
6 
:5 A 
1 
1 9 
B 7 
6 :; 
E 0 
C 
A 
R 
1 0 
R 1 0 


K 
R 
T 
T 
E 


APPENDIX 
D: U2 ADCB2 
FUSE 
MAP 
(Continued) 


File 
Name 
: 
ADCB2 


Date 
: 
10/21/1986 
Time 
: 
11:0:7 


Cust/Project 
- 
Date 
Rev/I. 
D. 


PLS179 
. 
F/F 
TYPE 
E(b)= 
£(a) = 
~POLARTY 


T 
--------------- 
------- 
!A:A:A:A:A:A:A:A 
0 
0 
~L:L:H:L 
E 
1 
__________________________________________________________________ 


R 
, 
, 
I 
, 
B<i) 
Q(p> 
O(n) 
, 
B<o) 


M ~c~-------------------------- ______________________________________ 


'7 -6-5-4-3-2-I-0'3 
2 
1 
0'7 -6-5-4-3-2-1-0'7 -6-5-4-3-2- 1-0'3 
2 
1 
0' 
O~A!- 
- - 
L - _.- - - 
- - - - - - 
-'0 
H - - - - - 


I! A ~- - 
H - _.- - - -,- - - - - - - -'0 
L - - - - - 
2~A!- - - 
-,L 
- - w- 
- - _.- 
L - - - - - L!O 
- - - 0 
3!A!- - - 
-,L 
~ L 
H!- - - -,- 
L - - - - L 
LIQ 
-,- 
0 - -, 
4!A!- - - 
-,L 
- 
H H~- - - -,- 
L - - - - H L!O - - - - 0 - 
5!A!- - - 
-,L 
- L 
H'- 
- 
L - - - 
L 
L 
LIQ 
-,0 
- - 
6!A!- 
-,L 
- 
H H~- - - -,- 
L - 
H H L!O - - 
-,0 
- 
7!A!- - - 
-,L 
- 
L 
H!- - - -,- 
L - 
-,L 
L 
L 
L!O - - 
0,- 
- 


BIA!- 
- - 
-,L 
- 
H H!- - - -,- 
L - 
-,H 
H H L!O - - 0,- 


9!A!- - - 
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SUMMARY 
The evolution 
of Programmable 
Logic De- 


vices (PLD's) has led to the birth of a new 
generation 
of programmable 
devices desig- 
nated as PML (Programmable Macro Logic). 
The 
immense 
versatility 
of 
these 
devices 


brings them closer as plausible alternatives to 
semicustom 
design 
approaches 
in low-to- 


medium ranges of applications. The following 
paper begins with a background on PML and 
a brief description of the PML basic architec- 
ture (See Reference 
1.) Next, the first PML 


devices are introduced with a detailed discus- 
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sion of the PLHS501. The implementation of 
PML 
in the 
AMAZE 
software 
package 
is 
presented. A system level example intends to 
demonstrate 
the capabilities 
of PML as an 
eloquent and efficient design alternative. 


THE 
EMERGENCE 
OF THE 
THIRD 
GENERATION 
PLD 
ARCHITECTURE 
PML was 
introduced 
at WESCON 
'85 
by 
Signetics Corporation. 
The unique architec- 
ture of PML breaks away into a new era of 


PAL™ 
is a Trademark 
of Monolithic 
Memories. 
Inc. 
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programmable logic devices. The purpose of 
the PML architecture is to overcome the two 
level AND-OR 
bottleneck 
and provide 
the 
user with a higher level of logic integration. 
Current 
PLD's 
rely on two 
levels 
of logic 


transformation 
to 
implement 
combinational 
logic in Sum-Of-Products (SOP) form. In addi- 
tion various PLD's make use of higher level 
macros such as flip-flops to form sequential 
logic functions. 
These macros connect 
the 


AND-OR chain to dedicated 
I/O pins. 


Figure 1 show the basic architecture of one of 
the most recent PAL™ devices. It is clear 
that this architecture 
is inefficient in making 
full use of the available on-chip resources. 
This is due to the fact that an unused I/O 
macro will be wasted and remains futile. 


For example, if an I/O pin is used as an input, 
the output macros are all wasted. Obviously, 
such an architecture cannot provide the user 
with an increase in the levels of logic integra- 
tion. The PML device takes advantage of the 
fundamental architecture shown in Figure 2 to 
overcome 
these deficiencies 
and waste of 


on-chip resources. As shown in Figure 2, PML 
incorporates 
the NAND-NAND 
gate equiva- 
lence to break the AND-OR bottleneck. 


The core of the PML is the programmable 
NAND-NAND 
network 
which 
connects 
the 


input and output macros to each other. Thus 
the inputs, outputs, and function macros are 
all connected 
by a single array. 


At the present, two devices are under devel- 
opment which employ the above architecture. 
Both devices are fabricated by the Signetics 
state-of-the-art 
oxide isolation 
process 
and 
are packaged in 52-pin PLCC. 


The 
first 
device 
available 
will 
be 
the 


PLHS501. The seemingly simple structure of 
this device can implement every logic func- 
tion 
furnished 
by the 
current 
PAL™/PLA 
devices. Although the PLHS501 is principally 
a combinational logic device, its unique archi- 
tecture makes it an ideal tool for applications 
involving asynchronous state machines (See 
Reference 2.) 


The PLHS502 is a sequential logic device. It 
supplements the PLHS501 features with six- 
teen edge-triggered flip-flops. The device can 
provide 
diverse 
applications 
encompassing 
synchronous 
and 
asynchronous 
state 
ma- 
chine designs. 


PIN NO. 
IDENTIFIER 
FUNCTION 


41-45, 47-52, 
10-123 
Dedicated inputs 
1-7, 9-14 


37-40 
180-/83 
Fuse-programmable 
bidirectional II0s with Active-Low 
outputs. Can be configured as open-collector 
outputs. 


15-18 
84-87 
Logic controlled 
bidirectional II0s with Active-High 
Tri-state outputs. 


28-29 
XO-X1 
30-31 
X2-X3 
Pairs of Tri-state Exclusive-OR outputs that have 
32-33 
X4-X5 
common Output Enable. 
35-36 
X6-X7 


19, 21 
00-01 
Pairs of dedicated Active-Low 
Tri-state output buffers. 
22-23 
02-03 
Each pair has common Output Enable control. 


24-25 
04-05 
Pairs of dedicated Active-High 
Tri-state output buffers. 
26-27 
06-07 
Each pair has common Output Enable control. 


THE PLHS501 PML 
The PLHS501 architecture in Figure 3 exhib- 
its an exquisite logic tool. The device provides 
a combination of 72 NAND terms, 24 dedicaf- 
ed inputs (10-123),eight bidirectional liD's 
(BO-B7),eight exclusive-OR outputs (XO-X7), 


and eight dedicated outputs (00-07). Figure 
4 shows the PLHS501 logic diagram and 
Table 1 illustrates the functional breakdown 
of the PLHS501 110 pins. 


Since the output of each NAND term feeds 
back to the inputs of the NAND array, intri- 


cate 
logic functions 
can be implemented 
without wasting valuable 110 pins. For exam- 
ple, in order to implement an internal 'RS' 
latch in a combinational PAL™IPLD, at least 
two inputs and two outputs are required. The 
same internal latch can be configured by the 
PLHS501 without using any 110 pins. 
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Figure 5 illustrates how 'RS' and 'D' latches 


'" 
I" 
I, 
are implemented in the PLHS501. 


Another eminent application of the PLHS501 


vcc 
is in generating asynchronous state 
ma- 


chines. 


The blend of internal feedback paths together 


0" 
with the abundant number of gates makes 
this device suitable for designing asynchro- 
nous state machines which employ propaga- 


GND 
tion delays of feedback paths as memory 
elements as shown in Figure 6. (See Refer- 
., 
0, 
0, 
ence 2.) 


TOPYIEW 


Figure 4. PLHS501 Pin Assignments 
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INPUT D-- 
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OUTPUT 


b. 0 Latch 


Figure 5. RIS 
and 0 Latch Implementation 
with PML 


PML 
DEVELOPMENT 
SOFTWARE 
Programmable logic development software 
has become an integral part of the 
PLD 


design process. Without software tools PLDs 
become perplexing devices which are incon- 
venient to use. Development software en- 
ables the user to take full advantage of the 
programmable logic's resources. The com- 
plexity of the PML devices makes software an 
indispensable element in the design process. 


The AMAZE PLD design software, as noted in 
Reference 
3, 
has 
been 
developed 
for 


Signetics programmable logic devices. PML 


design and development will be fully support- 
ed by AMAZE. Figure 7 shows the AMAZE 
configuration for supporting PML. The struc- 
ture of the software is based on the following 
modules: 
.BLAST 
(Boolean Logic And State Trans- 
fer entry) 
(Device Programmer Interface) 
(PLD functional SIMulator) 
(PML Integrator) 


The foundation for the above modules is an 
AMAZE standard fuse file (STD).The STD file 
is the common means of communication 
between all the modules. The following para- 


BLAST 
The basic elements of BLAST are: 


1. Boolean Equation Entry (BEE). 


2. State Equation Entry (SEE). 


3. Schematic To Boolean Converter (STBC). 


1. BEE accepts user defined logic in the form 
of 
boolean 
equations 
and 
produces 
an 


AMAZE standard fuse file. The boolean nota- 
tion in BEE will account for the following PML 
features. 


a. The single array architecture provides an 
option to specify the number of logic (gate) 
levels that accommodate a specified function. 
The number of gate levels dictate the delay 
between the inputs and outputs. The number 
of 
logic levels for each function 
can be 
specified using the following notation: 


LABEL [ number of logic levels 1 ~ 
equation; 


where LABEL is the user designated name of 
the output pin. 


b. Some outputs have more than one gate 
associated with them (for example registered 
or EXOR outputs). The input SIDE of these 
outputs can be specifically defined. For ex- 
ample: 


Pin Label: R = eqn; 


S ~ eqn; 


c. User definable CLOCK Logic (e.g. as in the 
PLHS502) can be specified. 


d. For PML devices the Sum-of-Products 
(SOP) can be defined as common terms. 


2. SEE accepts state machine definitions and 
produces the AMAZE standard fuse file. Par- 
ticularly, SEE will include asynchronous state 
machine 
implementations 
utilizing 
the 
PLHS501. 


3. STBC converst schematic nellists pro- 
duced by CAD systems such as Futurenet™, 
Daisy, and Mentor into an AMAZE BEE file. 
STBC will fully embody the PML in the follow- 


ing 
manner: 


a. De Morgan's theorem is applied to produce 
equations in SOP form. All the functions in 
SOP form are then 
converted 
into their 
NAND- NAND equivalent. 


b. The converter will determine the polarity 
and the number of levels in each equation 
and will automatically determine the correct 
output polarity. 


Device Programmer Interface provides the 
interface between the AMAZE standard fuse 
file and a commercial programmer. It allows 
the transmission of data to and from the 
device 
programmer. 


The functional simulator uses the AMAZE 
standard fuse file in the following manner: 


a. An event driven simulator will assess the 
delays within the PML in order to properly 
simulate the pattern. 


b. Automatically generates test vectors for 
the pattern simulation. 


PI 
The PML Integrator is a conversion that 
transforms various PAL™ or PLD circuits into 
a PML device. It will automatically fit multiple 
PALTM/PLD devices into a single PML. It is 
capable of automatically receiving patterns 


from 
a commercial 
device 
programmer 
and 
downloading it back to the programmer after 
the PML transformation. The implementation 
of an 'Integrator' will allow the automatic 
conversion of numerous PAL™/PLDs into a 
single PML device. 


AMAZE will not be the total extent of devel- 
opment software available for the PML de- 
vices. The task of implementing PML design 
software is already underway by a number of 
different vendors of CAD software. 


PLHS501 
DESIGN 
EXAMPLE 


The following example intends to manifest 
the capabilities of the PLHS501. Figure 8 
shows a system formed with TTL logic. The 


system 
requirements 
make 
it imperative 
only 
to use discrete asynchronous latches. Thus, 
none of the 7 latches in the system can be 
direclly replaced by registers. The system 
diagram is drafted using Futurenet™ DASH-2 
Schematic Designer. The system is parti- 
tioned into two PLS173s and one PLS153. In 
order to convert the system into its targeted 
PLD's, the PINLIST (see Figures 9a-9c) has 
to be defined. Using the AMAZE PIN-LIST 
editor, the specified PLD's are labeled with 
the same labels as those on the system 
schematic (Figure 8). After the declariltion of 
labels, AMAZE automatically converts the 
system to the designated PLDs. The AMAZE 


generated boolean equation files are shown 
in Figures 9a, 9b, and 9c. Figure 10 shows 
the overall system implemented with PLDs. 
The logic condensation capabilities of PML 
makes it feasible to replace the whole system 
by a single 
PLHS501 
(Figure 
11). The 


PLHS501 in this design will still have ample 
space for any future additions. 


The above example demonstrates only part 
of the PLHS501 capabilities. The introduction 
of 
PML devices and their immense logic 


power will pave the way for a new generation 
of efficient and elegant systems. 
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File 
"lame : PARTl 
Date 
12/10/1986 
Tiflle: 
18: 2~;:54 


##################### 
F' 
I "l 
L 
I S T ###########*######### 


U\8El.. 
** 
FNC 
**PIN 
----------_.- 
PIN** 
FNC 
** 
LABEL 
INIA 
** 
I 
il'* 1-1 
1-24 
** 
+5V 
**VCC 


INIB 
** 
I 
** 
2--1 
:-23 ** 0 
**OUTII 


D'13G 
** 
I 
** 
3-: 
1-22 
** 
D 
**OUTIH 


INID 
** 
I 
** 
4-1 
P 
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** 0 
**OUTIG 
INIE 
** 
I 
** 
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L 
:-20 ** 0 
*il'OTIF 
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UND 
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** 
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--------_. 


File 
Name 
: PART! 
Date 
: 
12/10/1986 


Time 
: 
18:26:56 


@DEVICE 
TYPE 
PLS1'73 
@DRAWING 
<lREVISION 
@DATE 
@SYI"1BOL 
@COMPANY 
@NAME 
PARTl 
<iJDESCRIPTION 
@I/O 
DIRECTION 
@LOGIC 
EQUATION 
OUTIA 
-/I"llA*/INIB*CINIJ+/OT3AINIF); 
OTIBIN3A 
-/INIB*INII; 
OTIC 
=/I"llH+OT2CINIM~/INID*/OT3AI"llF+OT3EIN11(; 
OUTID 
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011EI"l3B 
=/INIB*INIJ+OT2CINIM+/OT3G*INIA+/INIA*/INI0; 
OTIF 
-OT2CINIM*/INIG*/I"'lL; 
DUTI0 
=OT2CINIM+/INIG*INIE+INIB+/OT3G*INIA; 
OUTIH 
-/INIH*CINIE)+OT3AINIF+/INIA+INIB+INID; 
OU'rlI =C/INIE)*OT3G; 
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Signetics 


INTRODUCTION 
TO PML 
DESIGN 
CONCEPTS 
Programmable Macro Logic, an extension of 
the Programmable Logic Array (PLA) concept 
combines a programming or fuse array with 
an array of wide input NAND gates wherein 
each gate folds back upon itself and all other 
such NAND gates. This is called a foldback 
NAND structure and its basic elements have 
been outlined previously (Cavlan1, Wong2, 
Gheissari and Safari3). 


The choice of an internal NAND logic cell is 
appropriate because the cell is functionally 
complete, requiring but a single cell type to 
generate any Boolean function. A cell within 
the PLHS501 may be configured to accom- 
modate from one to 32 inputs from the 
outside world, and up to 72 inputs from within 
the chip. Because the user can select either 
direct or inverted input variables, and either a 
direct or complemented output, the NAND 
function can generate, with a single pass 
through the programming array, the basic four 
logic functions of AND, OR, NAND, NOR. All 
these basic functions, can be extremely wide, 
of course (see Figure 1.1). This convenient 
structure allows efficient exploitation of all 
widely used minimization techniques (Kar- 
naugh Maps, Quine-McCluskey, Boolean Al- 
gebra, etc.). 


Designing with Programmable 
Macro 
Logic 


The obvious extensions to additional combi- 
national functions for decoding, multiplexing 
and general Boolean functions is straightfor- 
ward. Adding feedback to the system ex- 
pands the range of realizeable functions to 
include sequential as well as combinational 
functions. 
Figure 1.2 illustrates the 
basic 
arrangement of the PLHS501. Because of the 
large number of inputs each NAND gate has 
available, logic functions that require several 
levels of conventional 4 or 8 input gates may 
be able to be reduced to 1 or 2 levels. 
However, it is important to realize that unlike 
AND-OR PLD architectures, more than 2 
levels of logic may be implemented in the 
PLHS501 without wasting output or input 
pins. Up to 72 levels of logic may be imple- 
mented due to each of the 72 foldback NAND 
gates. 


So far, the concept of a "macro" 
is still not 
evident. Two ways for the generation of a 
macro exist - 
namely, hard and soft. Borrow- 
ing from the concept in computer program- 
ming wherein a section of code (called a 
macro) is repeated every time its use is 
required, 
we can 
establish 
subfunctions 
which can be repeated each time required. 
The user defined or soft macro can be one 
which will generate a function by fused inter- 
connect. When a fixed design function is 
provided, it is a hard macro. This may be an 
optimized structure like a flip-flop or an adder, 
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Figure 1.1 PML Basic Functions 


June 1988 
562 


or some other function which is generated on 
the foundation, by the manufacturer. Soft 
macros are seldom optimized or precisely 
consistent, but hard macros are both opti- 
mized and unalterable. 


When a user function for a particular use is 
isolated, defined and repetition of the function 
is required, special software constructs are 
provided which will allow it to be defined as a 
soft 
macro and efficiently 
replicated. For 


higher performance and functional density, an 
array of choices which contain optimized 
functions or hard macros will be offered in 
successor chips. In particular, the PLHS502 
(described in Section 4) will include an array 
of flip-flops for high performance state ma- 
chine design. 


Optimizing combinational functions in PML 
consists largely in making choices and trade- 
offs. For single output logic functions, the 
choice is obvious from the truth table. If a 
particular function's 
truth table has fewer 
entries that are logical zeroes than logical 
ones, product of sums should be chosen and 
the appropriate OR-AND structure generated. 
Otherwise, the usual sum of products should 
be chosen, minimizing as usual, before drop- 
ping into the two level AND-OR structure 
(using the NAND-NAND realization). Combin- 
ing the availability of inversion at the input 
and output of the chip, the NAND-NAND 
structure can perform either the OR-AND or 
the AND-OR rendition of a function with equal 
ease, using precisely the same number of 
logic levels. The designer needs only to 
choose the optimal rendition to suit his needs 
(see Table 1.1). Truth tables with 50% ones 
can use either version at the designers whim 


unless 
other 
uses 
arise. 


PERFORMANCE 
The PLHS501 (Figure 1.2) is a high speed, 
oxide isolated, vertically fused PML device 
containing 72 internal NAND functions which 
are combined with 24 dedicated inputs, 8 
bidirectionals and 16 dedicated outputs. A 
large collection of applications, both combi- 
national and sequential, may be configured 
using this part which looks roughly like a 
small, user definable gate array. For the sake 
of clarity, worst case passing a signal from an 
input, making one pass through the NAND 
array (output terms) and exiting an output 
takes around 25 nanoseconds with each 
incremental pass through the NAND foldback 
array taking about 8 nanoseconds. 
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The data sheet first lists some maximum 
propagation delays from an input, through a 
NAND output term and out through various 
output gates. Secondly, it iists maximum 
propagation delays from an input, through a 
NAND foldback term, through a NAND output 
term and out through the different output 
gates. 


It is intriguing that subtracting one from the 
other yields a NAND foldback gate delay of 5 
to 6ns when the worst case gate delay of an 
internal foldback gate is listed as 8ns. This is 
due to the fact that a gate has less of a delay 
when it's output is falling (tPHL) than when 
it's output is rising (tPLH). When passing a 
signal through two NAND gates one gate will 


have less of a delay than the other, and since 
the individual rise and fall delays are not 
specified, this causes the apparent discrep- 
ancy between the two delays. 


Figure 1.3, Figure 1.4, Figure 1.5 and Figure 
1.6 show graphically the timing paths listed in 
the PLHS501 data sheet. 
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NAND 
GATE 
FLIP-FLOPS 


Various types of flip-flops and latches may be 
constructed using the NAND gate building 
blocks of the PLHS501.A typical 7474 type of 
edge-triggered D flip-flop requires 6 NAND 
gates as shown in Figure 1.7. 


No additional gates are required to implement 
asynchronous set and reset functions to the 
flip-flop. The equations necessary for AMAZE 
to implement the D flip-flop are shown in 
Figure 1.8. However, please note that the 
equations of Figure 1.8 define a D flip-flop 
configured as a divide by 2 (i.e., QN is 
connected to the data input) whereas Figure 
1.7 shows a general case. Also note that flip- 
flops with some additional features may be 
constructed without using more than the six 
NAND gates. This is possible because of the 
large number of inputs associated with each 
NAND gate. For instance, a flip- flop may be 
required to have a clock gated by one or 
more signals. Using the PLHS501, it may be 
implemented by adding additional input signal 


names to NAND gate equations of gates #2 
and #3 of Figure 1.7. If the data input is to 
the AND of several signals, extra inputs to 
NAND gate #4 may be used. Or if additionai 
set or reset lines are required, they may be 
added simply by using more of the inputs of 
each NAND gate connected to the main set 
or reset. 


Figure 1.10 shows two simulations of the 
same flip-flop. The first one is at a little less 
than maximum frequency, for clarity in follow- 
ing the waveforms, and the second is at the 
maximum toggling frequency. For these simu- 
lations each NAND gate has a maximumtpHL 
or tpLH of 8nsec (which is the gate delay of a 
NAND gate in the PLHS501's foldback array). 
First of all, it can be seen from these simula- 
tions that for proper simulation or testing of 
such a device a set or reset input is mandato- 
ry. Both Q and QN outputs are unknown no 
matter what the inputs do, until they are put 
into a known state by either a set or reset 
input. Secondly, various timing parameters 


such as propagation delay, as well as setup 
and hold times may be determined. For the 
general case, referring to Figure 1.7: 


Tsetup ~ 
tpd4 
+ tpd1, Thold ~ 
tpd3 + 


tpd4 and Clock to Q = tpd3 + tpd6 + tpd5. 


Therefore, performance of the flip-flop de- 
pends a great deal on which gates in the 
PLHS501 are used, either NAND gates in the 
foldback array or output NAND gates, con- 
nected to bidirectional pins. As a test of the 
simulation, a D flip-flop connected as a divide 
by 2 was constructed using only the foldback 
NAND terms (see Figure 1.8). An output 
NAND term was used to invert the QN output 
and drive an output buffer. The only inputs 
were the clock and a reset. The data input to 
the flop was driven internally by the QN 
output. According to the simulation, it was 
possible to drive the clock at a frequency of 
25Mhz and this small circuit also functioned 
at that frequency. 
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File 
Name 
: lOop 
Date: 
12/3/1987 


Time: 
10:1:22 
@DEVICE TYPE 
PLHSSOI 


@DRAWlNG 
@REVlSIO:-l 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
Single 
D flip-flop 
connected 
as 


divide-by-two 
for test 


@INTERNAL NODE 
CSNO,CRNO,COO,CQNO; 
@COMMON PRODUCT TERM 
@1I0 DIRECTION 
@I10 STEERING 
@LOGIC EQUATION 
00 - I(CQNO); 
CSNO - I(CLK'RS1~(i(CSNO-(i[CQNO'RST'CRNO])))); 
CRNO - I(CSNO'CLK'(i[CQNO'RST'CRNOJ)); 
CQO - I(CSNO'CQNO); 
CQNO - I(CRNO-COO'RST); 
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FUNCTIONAL 
FIT 


In the late 1960's and early 1970's designers 
used SSI, MSI and small amounts of early LSI 
to generate logic solutions. Frustrated by the 
lack of wide input gates to accommodate a lot 
of product terms for two level solutions, they 
turned toward the budding ROM and PROM 
products. These devices relied on literally 
realizing a function by generating its truth 
table in silicon. The logic function had to have 
each logical one and zero realized distinctly 
as an entry for a particular combination of 
input variables, usually supplied on the ad- 
dress lines of the memory. Observing that 
many such truth tables were dense in ones or 
zeroes and sparse in the remainder, a cadre 
of initial manufacturers emerged with focus 
on supplying a programmable product with a 
few AND gates and OR gates which were 
versatile enough to 
compete against the 
ROM/PROM parts. The gimmick supplied by 
these PLA manufacturers was to illustrate the 
functional equivalency of the PLA to the 
PROM by comparing the number of product 
terms (to be shortened to "p-terms") the PLA 
supplied and comparing this to the width and 
depth of available PROMs. P-terms became 
the 
"currency" 
of the 
PLA world and a 
designer only had to assess the equivalent 
number of Boolean product terms required by 
his function to determine whether a particular 
PLA was a suitable candidate for his design. 


Almost in parallel, gate arrays became avail- 
able. These provided an array of identical, 
fixed input gates (usually two input NANDs or 
NORs). These were generated in a regular 
fashion on a substrate which had a fixed 
input/output pin arrangement. Also recogniz- 
ing that all logic functions could be built from 
the appropriate two input gates, when inter- 
connected correctly, manufacturers offered 
these devices to customers who required 
increased density. 


The designer's responsibility was to generate 
what would ultimately be a metal interconnect 
pattern of his design. Special tools were 
required to allow an untrained system design- 
er to do this successfully. Flip-flops, decod- 
ers, registers, adders, etc., could all be gener- 
ated from the low level gate building blocks. 


The currency of gate arrays became known 
as gate equivalent functions. That is, with a 
limited number of available gates on a sub- 
strate, the user needed to know precisely 
how many gates were used up, on a function 
by function basis, to generate each piece of 
his design. A D flip-flop requires about six 
gates, a D latch four, a 3 to 8 decoder takes 
about 14 gates and so forth. This allowed 
estimation regarding whether the function 
could conceivably be fit onto a particular 
substrate or not. Manufacturers had to offer 
multiple foundations so that a designer could 
be assured that his design would result in a 
working I.C. 


The classic method of estimating whether a 
logic function would fit into a PLA was to 
determine the number of I/O pads required 
and the number of product terms required to 
generate the logical function, then select the 
PLA. For a gate array, the required measure 
included the I/O pad arrangement but substi- 
tuted the number of avaiiable gates to gener- 
ate the 
logical function 
(usually by table 


lookup). In an attempt to reconcile the two 
measures, Hartman' has evolved a formula 
for his product line. A calculation using this 
method and developing an appropriate "ex- 
change rate" is shown in Table 2.1 for the 
PLHS501 and PLHSS02.An alternate method 
of generating an estimate is to consider the 
gate equivalent of generating, say for the 
PLHSS01,a gate equivalent of the part in an 
optimistic functional configuration (72 occur- 
rences of a 32 input NAND gate). Figure 2.1 


shows how this will 
result in over 2000 
equivalent gates. Conversely, by stacking the 
NAND gates into D flip-flops, its least efficient 
function, the PLHSS01will have a gate equiv- 
alent of only about 100 gates. 


The most rational method of assessing fit is 
to isolate functions and identify the correct 
configuration in terms of gates, to allow direct 
tally of the gates used, to generate the 
proposed configuration. Table 2.2 may assist 
in doing this analysis. Note that all basic 
gates require precisely one gate to generate 
the function. Also note the occurrence of 
functions in the table which could never be 
generated as standard I.C.'s previously. The 
procedure is to tally the design against a total 
budget of 72 multiple input NAND gates. 


Table 2.2 is illustrative only, and should by no 
means be taken as complete. It may be 
simply expanded by designing the proposed 
function with disregard to the usual restric- 
tions on the number of inputs to a gate, 
realize the function as one, two, three, or 
more levels of interconnected logic and count 
the 
number of gate ocurrences required. 
Special software has been provided to allow 
pyramided logic structures to be generated 
under the designer's control. These struc- 
tures may, however, be no deeper than 72 
levels for the PLHSS01. Functions should be 
generated in accord with the guidelines men- 
tioned before, for selecting an optimal 2 level 
logical solution. 


It is an interesting observation that manufac- 
turers of gate arrays and standard cell prod- 
ucts which offer embedded PROMS, ROMS 
or RAMS have not successfully described 
these embedded functions in terms of equiva- 
lent gates, but rather resort to other means 
(such as divulging their relative area with 
respect to the area of a basic gate). There is, 
as yet, no standard in this arena. 


Hartman's 
method 
is based 
on a CMOS 
gate 
array 
equivalency 
wherein 
4 
transistors 
constitute 
a 2 input 
NAND 
or NOR 
gate, 
equal 
to one 
gate. 
Thus, 
his 


"exchange 
rate" 
is as follows: 


ER. 
= 
4 X # 
inputs 


+9X 
# 
FFs 
+ 7 X # 
3-State 
outputs 
+ (15 
to 30) X # 
OR outputs 
from 
the 
AND/OR 
array. 


For 
the 
PLHS501: 
(using 
CMOS 
numbers 
which 
!!!ID' 
be inappropriate) 


ER. 
= 
4 X 32 
+9 X 0 


+ 7 X 24 
+ (15 
to 30) X 50% 
of 72 feedbacks 
= 836 
to 
1376 
gates 


For 
the 
PLHS502: 


ER. 
= 
4 X 32 


+9 
X 16 


+ 7 X 12 
+ (15 to 30) X 50% 
of 64 feedback 
= 962 
to 
1502 
gates 


Being 
for 
two 
bipolar 
I.C.'s, 
in this 
case, 
the 
method 
may 
be inappropriate, 
but 


may 
be taken 
as an estimating 
procedure. 


FUNCTION 
PLHS501 INTERNAL 
COMMENTS 
NAND EQUIVALENT 


Gates 


NANOs 
1 
For 1 to 32 input variables. 
ANOs 
1 
For 1 to 32 input variables. 


NORs 
1 
For 1 to 32 input variables. 
ORs 
1 
For 1 to 32 input variables. 


Decoders 


3 to 8 
8 
Inverted inputs available. 


4 to 16 
16 
Inverted inputs available. 


5 to 32 
32 
Inverted inputs available (24 chip 
outputs only). 


Encoders 


8 to 3 
15 
Inverted inputs, 2 logic levels. 


16 to 4 
32 
Inverted inputs, 2 logic levels. 


32 to 5 
41 
Inverted inputs, 2 logic levels, 
factored solution. 


Multiplexers 


4 to 1 
5 
Inverted inputs available. 
8 to 1 
9 


16 to 1 
17 


27 to 1 
28 
Can address only 27 external 
inputs - 
more if internal. 


Flip-Flops 


O-FF 
6 
With asynch S-R 
T-FF 
6 
With asynch S-R 


J-K-FF 
8 
With asynch S-R 


Adders 


8-bit 
45 
Full carry look-ahead (four levels of 
logic) 


Barrel Shilters 


8-bit 
72 
2 levels of logic 


Signetics 


DESIGN 
EXAMPLES 


Most designers 
tend to view a PLD as a 
mechanism for collecting logical glue within a 
system. That is, those pieces which tie to- 
gether the larger LSI microprocessors, 
con- 
trollers, RAMs, ROMs, UARTs, etc. However, 
there is a tendency of viewing a gate array as 
an entire 
system 
on 
a chip. 
PML based 
products will fit well in either casting as will be 
demonstrated 
by 
a 
series 
of 
small 
but 


straightforward 
examples. 
For starters, 
we 


shall 
examine 
how 
the 
fusing 
process 
em- 


beds functions, progress to glue-like decod- 
ing operations and finally demonstrate some 


9 
AN 
AN 


J Q 
BN 
3 


11 


BNN 
4 
NN 


@LOGIC 
EQUATION 


AN"" 
fA; 


BN,.. /8; 


eN=/e; 


ANN-IAN; 


BNN -/BN; 


CNN -teN; 


E "" fEN; 


YO'" I 
(AN" 
BN •. eN •. E); 


Y1 "" I ANN" 
BN •. eN •. E); 


Y2=/ 
AN*BNN*CN*E); 


Y3 .••I ANN" 
BNN •. eN •. E); 


Y4 = I 
AN" 
BN" 
CNN" 
E); 


YS = I 
ANN" 
BN •. CNN 
•. E); 


YB = I 
AN" 
BNN 
•. CNN 
•. E); 


V7"/ 
ANN" 
BNN" 
CNN" 
E); 
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coprocessor like functions as well as home- 
made "standard 
products". 


The method of associating gates within the 
NAND foldback structure is depicted in Figure 
3.1 wherein a simple three to eight decoder is 
fused into the array. The corresponding 
in- 
puts are on the left and outputs at the top. 
This figure shows inputs and their inverse 
formed in the array resulting in a solution that 
requires 6 inverting NANDs that would proba- 
bly be best generated at the input receivers. 
Hence, this diagram could be trimmed by six 
gates, down to eight to achieve the function. 
Figure 3.2 shows two consecutive D-f1ip-flop 


fusing images. Note that asynchronous sets 
and resets may be achieved for free, in this 
version. In both Figures 3.1 and 3.2 the gates 


are 
numbered 
in a one-to-one 
arrangement. 


As well, the accompanying equations are in 
the format used by Signetics AMAZE design 
software. 
For clarity, consider the gate la- 


beled 2A in Figure 3.1. Schematically, this is 
shown as a 3 input NAND. However, in the 
fused depiction, it combines from three Inter- 
mediate output points with the dot intersect 
designation. 
Hence, all gates are drawn as 
single input NANDs whose inputs span the 
complete 
NAND gate foldback 
structure. 


ANN 
CNN 
B~ CN 
~T32iii'<' 
_ 
AN 


L1." 
:@'= 
J..!., 


- 
8.- 


- 
13- 
8 
-{D= 
-i.§) 


...§.., 
-ID 
- 
- 
.J.., 


...• 
.1..- 
-iD-- 


...• 
-iD- 


,- 
~-5.1 


---.,. 
=< 


CK2 
;::::. 


CK' 
=< 
--.J 
:§E) 
'68' 
~ 
"""~ 


A2 
:§ 
5B' 
=-' 
~:ID----- 
J]»--- 
:ID-- 


~ 


Rl 


~ 


OAl 
'" I (ON1 •. SN1); 


SNl 
'" I 
(OA" ClOCK1) 


AN1 ,. I 
(SNl 
• ClOCK1 
•. ON1): 


ONl 
..-/ 
(DATAl" 
AN1); 


01 - I (SNl •.ON1); 


ON1""! (AN1 •.01); 


DA2 - I 
(ON2" 
SN2): 


SN2 
""I (OA2" 
ClOCK2) 


RN2 •• I (SN2" 
CLOCK2 
•. ON2); 


DN2 = I 
(DATAl" 
RN2): 


02 -/ 
(SN2" 
QN1); 


ON2 - I (AN2' 
02); 


One straightforward 
example of 
using a 


PLHS501 is shown in Figure 3.3. Here, the 
device is configured to accept the 23 upper 
address lines generated by a 68000 micro- 
processor. By selecting the direct and com- 
plemented variables, at least 16 distinct ad- 
dress selections can be made using only the 
dedicated outputs. The designer can combine 
additional VME bus strobes, or other control 
signals to qualify the decode or, define 8 
additional outputs for expanded selection. As 
well, the designer could transform the bidirec- 
tionals to inputs and decode over a 32 bit 


space, selecting combinations off of a 32 bit 
wide address bus. Because this simple level 
of design requires only NAND output terms 
plus 4 NAND gates in the foldback array (for 
inversion of signals connected to 03.00), 
there may be as many as 68 remaining gates 
to accomplish additional handshaking or logi- 
cal operations on the input variables. 


SHIFTO 
SHIFT 
I 


SH!F 
T2 


An eight bit barrel shifter exploits most of the 
PLHS501 as depicted in Figure 3.4. This 
implementation utilizes all 72 internal fold- 
back NANDs in a relatively brute force config- 
uration as well as 8 output NANDs to gener- 
ate transparent latched and shifted results. 
The shift position here is generated by the 
shift 0, shift 1 and shift 2 inputs which are 
distinguished and selected from the input 
cells. Variations on this idea of data manipula- 
tion could include direct passing data, mirror 


comparison or Boolean operations could still 
be generated with remaining NAND functions 
to achieve additional arithmetic operations. 
This application should make the reader 
aware of a new class of applications achieve- 
able with third generation PLDs- 
user de- 
fineable 1/0 
coprocessors. The approach of 
increasing microprocessor performance by 
designing dedicated task coprocessors is 
now within the grasp of user defineable single 
chip solutions. 


Part of an eight bit, look-ahead parallel adder 
is shown in Figure 3.5. Gates necessary to 
form the level-Ogenerate and propagate, as 
well as the XOR output gates generating the 
resulting sum are not shown. The reader 
should be aware that this solution exploits 
four layers of pyramided gates and only 
utilizes a total of about 58 gates. Additional 


P8 


G1 
P8 
P7 
G6 


P8 


P7 


P5 
G5 


IG6 
;~~ 


P6~ 
P5 
:::~ 
P2' 
PII 


I~~I 


~~3D 
P2 
PI 


An 
example 
of one 
of 
the 
least 
efficient 
structures 
realizeable 
on 
the 
PLHS501 
is 
shown in Figure 3.6. Here, a cascade of 12 D- 
flip-flops are formed into a toggle chain that 
uses all available NAND gates in the main 
logic array. 
In the 
PLHS501 
simple 
cross 
coupled latches or transparent D latches are 
preferred over edge triggered flip flops simply 
because they conserve NAND gates. Applica- 
tions for structures 
like this include timing 
generators, rate multiplication. etc. Additional 
.output 
gates exist on the output terms as 
shown in Figure 1.2, which could gate the 
output in multiple state petection 
configura- 
tions. As well, rearranging 
Figure 3.6 as a 
12-bjl shifler, picking off states at the output 
terms could result in a general purpose se- 
quence 
recognizer 
capable 
of 
recognizing 
binary string sequences. These strings could 
be up to 13 bits long (in a Mealy configura- 
tion) 
and 24 distinct 
sequences 
could 
be 
sensed and detected. 


Figure 3.7 shows a 32 to 5 - bit priority 
encoder. This sort of device could generate 
1 31 
encoded vector interrupts for 32 contending 
devices. Of particular interest is the fact that 
10 


ordinary encoders are not this wide. The 
designer is, of course, not constrained to 
generating combinational functions in even 
powers of two. Thus, the PLHS501can easily 
pertorm customized functions like a 5 to 27 
decoder or a 14 to 4 encoder or, even an 18 
to 7 multiplexor. For the sake of optimization, 
the designer is encouraged to implement 
precisely the function he needs, no more and 
no less! 


The design examples given are illustrative of 
some typical operations used in ordinary 
systems. In each case, the example could be 
thought of as simply an "off 
the shelf" 
standard solution to an every day problem 
(i.e., a de facto standard product). 
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SUCCESSOR 
ARCHITECTURES 


The design examples described and Table 
2.2 
illustrate 
the 
combinational 
power 


and 
the 
sequential 
limitations 
of 
the 
PLHS501- Signetics first PML entry. Clearly, 
the next family members must address the 
flip-flop issue, and they do. The PLHS502 
(Figure 4.1) shows a similar NAND function 
array of 64 gates with the vital addition of 8 
buried D-flip-flops and 8 buried S - R flip- 
flops. Again, 16 pins are devoted to dedicated 
outputs, 20 straight inputs, 4 clock or general 


inputs and 8 bidirectionals can be configured 
to expand input or output capabilities. Slated 
to operate in the middle 30MHz clocking 
range, this part greatly expands the sequenc- 
er capability beyond the initial PLHS501. The 
PLHS502 application range will include state 
machines 
like CRC generation/detection, 


Bus handshakers, LAN handshaking, arith- 
metic coprocessors, single chip systems and 
a complete bevy of general sequencer opera- 


tions 
such 
as 
sequence 
generation 
and 
de- 
tection. It should be emphasized that the 


NAND array is fully connected and circum- 
vents limitations on connectivity as found in 
other PLD products. 


Almost simultaneous with the arrival of the 
PLHS502 (a bipolar part) will be the first 
CMOS PML entry. Expanding on the function- 
al capabilities of the PLHS502, the CMOS 
part will offer 52 flip-flops in a variety of 
natural configurations with a NAND array near 
200 gates. Due to complexity and density, the 


part 
will 
combine 
a 
distinctive 
power-save 


option and the benefits of scan-design. 


64 
NRNQ 
Input 
ferns 
Buffers 


Bo-/87 


DlrOIS 


De-Oil 


00-°7 
Output 
Buffers 


SUPPORT 
ISSUES 


The current PML architecture, the PLHS501, 
is adequately supported by Signetics AMAZE 
software. Offered free to 
qualified users, 
AMAZE can generate the required design 
files, fusemaps and simulations within the 
appropriate modules of AMAZE. From a sim- 
ple menu driven environment on an IBM 
personal computer (or compatible under MS/ 
DOS), the user can generate a design with 
logic equations, state equations or schematic 
entry (using FutureNet Dash or ORCAD SDT 
software). Once the design is entered, the 
user must "assemble" 
it prior to fusing the 


PML product. If required, the user may simu- 
late the assembled file to determine the 
accuracy and functional operation of his de- 
sign. Iteration between design entry, assem- 
bly and simulation may be required, depend- 
ing on the users expectations and the com- 
pleteness of design. Automatic test vector 
generation is a simulation option. Currently, 


IVlocro Logic 


the designer may fuse his design using either 
a DATA I/O 
Unisite programmer, a Stag 
ZL - 30A or a STREBOR fusing system with 
corresponding configuration modules. 


The AMAZE product is fully contained and 
complete except for the schematic capture 
program. Although it is used for the complete 
line of Signetics PLD products (PLAs, Se- 
quencers and PROMs), it has undergone 
additional modification to support special fea- 
tures required by the nature of the PML 
products. These include the following: 


• 
Internal Nodes - 
the ability to define and 
refer to nodes completely within the array 
and isolated from direct contact with the 
device I/O pins. 


• 
Bracket Freezing - 
the ability to tag (with 
square brackets) a Boolean subfunction 
which is not to be optimized by the AMAZE 
assembler but is to be realized within the 
design explicitly as described by equation. 


Both features are key to the AMAZE ap- 
proach to macro generation. In particular, 
"bracket 
freezing" 
allows the designer to 


make tradeoffs between wide and shallow 
combinational paths and long, narrow combi- 
national paths. 


In the current rendition of AMAZE, automatic 
placement and interconnect of the fused 
Boolean functions is the recommended ap- 
proach. Should the user decide to intervene, 
a special fuse table editor exists for manual 
alteration of the design file. This is not the 
recommended approach, but it also serves as 
a diagnostic tool to review design placement 
and interconnect. 


Future directions for software support include 
enhanced simulation, exhaustive automatic 
Boolean optimization, the development of a 
full library of macros, automatic design parti- 
tioning and a wide assortment of bells and 
whistles. 


Signetics 


PLHS501 
EXAMPLES 
USING 
AMAZE 
REVISION 
1.6 
• Simple gate implementations 


• a-bit barrel shlfter 


• 
12-bit comparator 
with dual 1 of a 


decoders 


• a-bit carry 
look-ahead 
adder 


• 32 to 5 priority 
encoder 


• a-bit shift 
register 
with 3-blt counter 


and sequence 
detector 


• 4-blt synchronous 
counter 


Following are six example applications for the 
PLHS501 
using AMAZE 
Rev. 
1.6. They 


should not be viewed as showing all possible 
capabilities of the device. They have been 
designed 
to 
demonstrate 
some 
of 
the 
PLHS501 features, syntax of AMAZE, and to 
give the reader some ideas for possible circuit 
implementations. 


Note that these examples were written using 
AMAZE Rev. 1.6. Although Signetics will try 
to keep succeeding versions of AMAZE com- 
patible, it may be necessary to change some 
syntax rules. Therefore, please refer to your 
AMAZE manual for any notes on differences, 
if using a revision later than Rev. 1.6. 


SIMPLE 
GATE 


IMPLEMENTATIONS 
In this example six functions were imple- 
mented for each of the three major types of 
output structures. The six functions are ANDI 
OR, AOI, NAND, AND, OR and NOR. A 
requirement for the ANDIOR and AOI gates 
was to use only two gates each from the 
foldback array and to combine these product 
terms in one NAND output gate. To achieve 
this result, it was necessary for the 18 and 10 
outputs to 
write 
equations 
using internal 


nodes and brackets around the equation. 
Refer to Figures 6.1 and 6.2. 


For the simulation (Figures 6.3 and 6.4) a 
binary count of 0 through 15 hex was applied 
to the input D-A. Each output of the log file 
was checked against anticipated and other 
device outputs of the same function for cor- 
rect operation. 
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File 
Name 
GATES 


Date , 9/15/1987 
Time , 9,30,16 


fUUUUfU 
p r 
N 
L 
r s T U""""" 


Left 
Right 


LABEL 
.. FNe 
·-PIN 
PIN-- 
FNC 
•• 
LABEL 


VCC 
.. +5V 
•.•• 
8-1 
1-46 .. +SV "vcc 


A 
.. r .. H 
1-45 
•• 
r 
"N/C 


B 
.. r .. 10-1 
1-44 .. r 
"N/C 


C 
.. r .. 11-1 
p 
1-43 .. r 
"N/C 


D 
.. r .. 12-1 
L 
1-42 .. r 
"N/C 
N/C 
.. r .. 13-1 
H 
1-41 .. r 
• "'N/e 
N/C 
.. r .. 14-1 
S 
1-40 .. 10 
*"Fl 


F2 
.. a .. 15-1 
5 
1-39 •• 10 
"'*F3 
F4 
.. a .. 16-1 
0 
1-38 
_.••/0 
"F5 
F6 
•• a .. n-I 
1 
1-37 .. 10 
**N/C 
N/C 
.. B .. 18-1 
1-36 .. a 
"N/C 


F20 
.. 0 .. 19-1 
1-35 .. a 
u-F7X 


GND 
.. ov .. 20-1 
1-34 .. OV 
**GND 


Bottom 
Top 


LABEL 
.••* 
FNC 
"'·PIN 
PIN·'" 
FNC.. 
LABEL 


F40 
.. a .. 21-1 
1- 7 .. r 
·-N/e 
F60 
.. a .. 22-1 
1- 6 .. r 
"N/C 
N/c 
.. 0 .. 23-1 
1- 5 .. r 
"N/e 
FI0 
.. 10 .. 24-1 
p 
1- 4 .. r 
*·N/e 
F30 
.. 10 .. 25-1 
L 
1- 3 .. r 
"N/e 
F50 
.. 10 .. 26-1 
H 
1- 2 .. r 
"N/C 
N/C 
.. 10 .. 27-1 
s 
1- 1 .. r 
·-N/e 


FIX 
.. 0 .. 28-1 
5 
I-52 .. r 
"N/C 
F2X 
.. a .. 29-1 
0 
I-51 .. r 
**N/C 
F3X 
.. a .. 30-1 
1 
I-50 .. r 
*'*N/C 
F4X 
.. a .. 31-1 
1-49 .. r 
·-N/e 


F5X 
.. a .. 32-1 
1-48 .. r 
··N/e 
F6X 
.. a .. 33-1 
1-47 .. r 
"'*N/C 
'"""'~, 


Figure 6.1 Gates Pin List 


File 
Name 
: 
GATES 
Date 
, 9/15/1987 
Time: 
9:30:35 


"AND-OR 
using 
XOR output" 
fIx 
- 
(a1rb)+(c1rd); 


"AND-OR-INVERT 
using 
XOR output" 
f2x 
- 
/(a1rb) 
+ (c1rd»); 


- NAND 
using 
XOR output" 


f3x - /(a1rb1rc*d); 
~AND 
using 
XOR output ~ 


f4x - 
a1rb1rc*di 
"OR 
using 
XOR output- 
f5x - /(/a-/b-/c1r/d); 
"NORusing 
XORoutput ~ 


f6x - /a-/b-/c-/d; 
"XOR 
using 
XOR output" 
f7x : xrl 
- a; 


x.r2 - 
bi 


@DEVICE 
TYPE 


PIJlS501 


@DRAWING 


@REVISION 


@DATE 


@SYMBOL 


@COMPANY 


@NAME 


@DESCRIPTION 


@INTERNAL 
NODE 


@CCtlMON 
PRODUCT 
TERM 


@I/O 
DIRECTION 


@I/O 
STEERING 


@LOGIC 
EQUATION 


"AND-OR 
using 
/B output ~ 
fl - IU[a-b] 
- I[c-d]) 
; 
~ANrrOR- 
INVERT 
using 
B output" 
f2 -/[(a-b) 
+ (c-d)]; 
"NANDusing 
/B output" 


f3 - /(a-b-c-d); 
".ANDusing 
B output ~ 
£4 - a-b-c-d; 
~OR using 
/B output ~ 


f5 - IUa-/b-/c-/d) 
; 


.•NORusing 
B output- 
£6 - /a1r/b-/c1r/d; 


"AND-OR 
using 
/0 
output" 


flo • IU[a-b] 
- Ilc-d]) 
; 


"ANrrOR-INVERT 
using 
0 output" 


£20 - 
/{(a-b) 
+ 
(c-d)]; 


"NANDusing 
/0 
output" 
£30 - /(a-b-c-d); 
"AND 
using 
0 output" 
£40 - a-b1rc-d; 
"OR using 
/0 
output" 
£50 - /(/a1r/b-/c*/d); 
..NORusing 
0 output- 


£60 - /a1r/b*/c-/d; 


(--------INPUTS--------) 
( B,/B ) 


222211111111111 
321098765432109876543210 
76543210 


HHu..LLHHHHHHHHHHHHHHHHHH 
-------- 
"Input 
all 
O·s 
A-D" 


HHHLLLHHHHHHHHHHHHHHHHHH 
-------- 
"Input 
count 
1" 


HHLHLUlHHHHHHHHHHHHHHHHH 
-------- 
"Through ... 


HHHHLLHHHHHHHHHHHHHHHHHH 
-------- 


HHLUlLHHHHHHHHHHHHHHHHHH 
-------- 


HHHLHLHHHHHHHHHHHHHHHHHH 
-------- 


HHLHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHu..LHHHHHHHHHHHHHHHHHHH 
-------- 


HHHLLHHHHHHHHHHHHHHHHHHH 
-------- 


HHLHIJIHHHHHHHHHHHHHHHHHH 
-------- 


HHHHLHHHHHHHHHHHHHHHHHHH 
-------- 


HHILHHHHHHHHHHHHHHHHHHHH 
-------- 


HHHLHHHHHHHHHHHHHHHHHHHH 
-------- 


HHLHHHHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
"Count 
15 hex" 
QUIT 


<-------- 
INPUTS-------- 
> 
< 
B, /B 
> 
< 
XOR 
> 
< 
/0,0 
> 
TRACE 
TERMS 
222211111111111 


321098765432109876543210 
76543210 
76543210 
76543210 


110000111111111111111111 
HHLHLHLL 
LLHLLHHL 
LLHLHHLH 
111000111111111111111111 
HLLHLHHL 
LLLHLHHL 
LHHLHLLH 
110100111111111111111111 
HLLHLHHL 
LLLHLHHL 
LHHLHLLH 


111100111111111111111111 
HLLLHHHL 
LLLHLHLH 
LHHHHLLL 
110010111111111111111111 
HLLHLHHL 
LHLHLHHL 
LHHLHLLH 
111010111111111111111111 
HLLHIJIHLLHLHIJIHLIJIHLHLLH 
11 0110 111111111111111111 
HLLHLHHL 
LHLHLHHL 
LHHLHLLH 


111110111111111111111111 
HLLLHHHL 
LHLHLHLH 
LHHHHLLL 
110001111111111111111111 
HLLHLHHL 
LHLHLHHL 
LHHLHLLH 
111001111111111111111111 
HLLHLHHL 
LHLHLHHL 
LHHLHLLH 
110101111111111111111111 
HLLHLHHL 
LHLHLHHL 
LHHLHLLH 
111101111111111111111111 
HLLLHHHL 
LHLHLHLH 
LHHHHLLL 
110011111111111111111111 
HLLLHHHL 
LLLHLHLH 
LHHHHLLL 
111011111111111111111111 
HLLLHHHL 
LLLHLHLH 
LHHHHLLL 
110111111111111111111111 
HLLLHHHL 
LLLHLHLH 
LHHHHLLL 
111111111111111111111111 
HLHLHLHL 
LLLHHLLH 
LHLHHLHL 


----------------------- 
-------- 
I/O 
CONTROLLINES 
0ס0ooooo 
DESIGNATEDI/O 
USAGE 


0ס0ooooo 
ACTUALI/O 
USAGE 


PINLIST ... 


14 
13 
12 
11 
10 
09 
07 
06 
05 
04 
03 
02 
01 
52 
51 
50 
49 
48 
47 
45 
44 
43 
42 
41 
18 
17 
16 15 40 
39 
38 37 
36 35 33 32 
31 30 29 
28 


27 
26 
25 
24 
23 
22 
21 
19 
; 


8 BIT BARREL 
SHIFTER 


This 8-bit shifter will shift to the right, data 
applied to A7 - AO with the result appearing 
on OUT7- aUTO. Data may be shifted by 1 to 
7 places by indicating the desired binary 
count on pins SHIFT2- SHIFTO.Data applied 
to the aUTO position for a shift of 1. For a 
shift of 0, A7 will appear on OUT7. 


Also included is a transparent latch for the 
output bits. The input 'COMPLMTO' will invert 
all output bits simultaneously and input IOE 
will 3-State all outputs. 


SHIF1G 


SHIFT 
1 


SHIFT2 


File 
Name 
: 
BRLSHFT 
Date 
: 9/15/1987 
Time 
, 
9,31,58 


Left 
Right 
LABEL 
** 
FNC 
-·PIN 
PIN" 
FNC 
"" 
USEL 


VCC 
•• 
+SV 
•• 
8-1 
1-46 
+SV "VCC 


A2 
9-1 
1-45 
I 
·*N/C 


A3 
10-1 
1-44 
I 
""N/C 
A4 
ll-I 
P 
1-43 
I 
··N/C 


A5 
12-1 
L 
1-42 
I 
**N/C 
A6 
13-1 
H 
1-41 
I 
**N/C 


A7 
14-1 
S 
1-40 
/0 
"LO 


L4 
"" 0 
15-1 
5 
1-39 
/0 
1t*Ll 
LS 
"" 0 
16-1 
0 
1-38 
/0 
·*L2 
L6 
"" 0 
17-1 
1 
1-37 "" /0 
,HL3 


L7 
0 
18-1 
1-36 
0 
-"'OUT? 


N/C 
0 
19-1 
1-35 
0 
• "'OUT6 
GND 
OV 
20-1 
1-34 
OV 
**GND 


Bottom 
Top 
LABEL 
FNC ··PIN 
PIN-· 
FNC 
LABEL 


N/C 
"" 0 
21-1 
1- 7 
I 
·*Al 
N/C 
"" 0 
22-1 
1- 6 
I 
**1\0 


N/C 
"" 0 
23-1 
1- 5 
I 
uSHIFT2 


N/C 
/0 
24-1 
p 
1- 4 
I 
"SHIFTl 
N/C 
/0 
25-1 
L 
1- 3 
I 
**SHIFTO 
N/C 
/0 
26-1 
H 
1- 2 
I 
.• *COMPIMTO 
N/C 
/0 
27-1 
s 
1- 1 
I 
""fLE 
OUTO 
0 
28-1 
5 
I-52 
I 
··/OE 
0UT1 
0 
29-1 
0 
I-51 
I 
"N/C 


0UT2 
0 
30-1 
1 
I-50 
I 
·*N/C 


OUT3 
0 
31-1 
1-49 
I 
**N/C 


QUT4 
0 
32-1 
1-48 
I 
*·N/C 
OUTS 
0 
33-1 
1-47 
I 
**N/C 


File 
Name 
: 
BRISHFT 
Date 
, 
9/15/1987 
Time 
: 9:32:14 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 


@NAME 
@DESCRIPTION 


@INTERNAL 
NODE 
oodl, nod2, nod3, nod4 ,nodS, ood6, nod7 , nodS i 
ood9, oodlO, nod11, ood12, nod13, nod14, ood1s, 00016 
i 
ood17 , ood18,oOO19, ood20, ood21, nOO22,00023, nOO24; 
nOO2S,00026, 00027,00028,00029, 
nO(nO,ood31, 00032 
i 
13,12,il,10; 
@COMMONPRODUCT TERM 
rotO - /shift2 
'"'/shift1 
'"'/shiftO; 
rot1 - /shift2 
'"'/shift1 
'"' shiftO; 
rot2 - /shift2 
'"' shift1 
* IshiftO; 
rot3 - Ishift2 
* 
shift1 
* 
shiftO; 


rot4 - 
shift2 
'"'Ishift1 
* /shiftOi 
rotS - 
shift2 
'"'Ishiftl 
* 
shiitO i 
rot6 - 
shift2 
shiftl 
IshiftO; 
rot7 - 
shift2 
* 
shiftl 
'"' shiftO i 
@I/O 
DIRECTION 


xeO 
- 
oei 
xel - oe; 
xe2 - oe; 
xe3 - 
oei 
@I/O 
STEERING 
@LOGIC EQUATION 


17 
- 
/la7 
rotO '"'Ile 
+ 
a6 
• rotl 
'"'lIe 
+ 
a5 
rot2 
lIe 
+ 
a' 
rot3 
Ile 
+ 
a3 
rot4 
Ile 
+ 
a2 
* rotS 
11e 
+ 
a1 
rot6 * lIe 
+ 


16 •• l(a6 • rotO 
• lIe 
•. 


as 
• rotl 
• lIe 
•. 


a4 
rot2· 
lIe 
•. 


a3 
rot3· 
lIe 
•. 


a2 
• rot4 
• lIe 
•. 


al 
• rotS 
• lIe •. 


aO • 
rotS 
• lIe 
•. 


a7 
• rot7 
• lIe 
•. 


Ie· 
116]; 


15 •• l(aS 
• 
rotO 
• lIe •. 


a4 
• 
rotl 
• lIe 
•. 


a3 
• rot2 
• lIe •. 


a2 
• rot3 
• lIe 
•. 


al 
• rot4 
• lIe 
•. 


aO • 
rotS 
• lIe 
•. 


a7 
• rot6 
•. lIe 
•. 


a6 
•. rot? 
• lIe 
•. 


Ie 
• 115); 


14 •• l(a4 • rotO 
• lIe 
•. 


a3 
•• rotl 
•. lIe 
•. 


a2 
rot2" 
lIe •. 


al 
rot3" 
lIe 
•. 


aO 
rot4" 
lIe 
•. 


a7 
rotS· 
lIe 
+ 
a6 
rot6" 
lIe 
+ 


as 
rot7· 
lIe 
+ 


Ie 
•. 114] 
i 


nodl 
•. (a3 
•• rotO 
• lIe) 
nod2 
•• [a2 
• rot! 
•. lIe] 
nod3 
•• [al 
rot2· 
lIe] 
nod4 
•. (aO 
rot3· 
lIe] 
nodS" 
[a7 
rot4· 
lIe) 
nod6 
•. [a6 
rotS· 
lIe) 


nod? 
•• (as 
rot6· 
lIe) 
nodS'"' 
[a4 
rot?· 
lIe] 


i3 
•• {Ie· 
13]; 


nod11'" 
[aO 
nodl2'" 
{a? 


nod13'" 
{a6 


nod14'" 
(as 


nodIS- 
[a4 


nodl6- 
[a) 
12 
- 
[Ie· 


rot2 
• lIe); 
rot3 
•. lIe); 
rot4 
• lIe]; 


rotS 
• lIe); 


rot6 
• 
lIe); 
rot7 
• lIe); 
12]; 


nodl7- 
(ai 
• 
rotD 
• lIe); 
nodl8- 
(aD 
• 
rot 1 • 
lIe); 


nodl9- 
fa7 
• 
rot2 
•. lIe); 


nod20- 
{a6 
•. rot3 
•. lIe]; 
nod2I- 
(as" 
rot4 
fI 
lIe]; 
nod22- 
(a4 
rotS 
fI lIe]; 
nod23- 
[a3 
rot6 
fI 
11e}; 
nod24· 
[a2 
• 
rot7 
•. lIe); 


il 
- 
(le 
fI 
11]; 


nod2s- 
[aO 
rotD 
11e) 
; 
nod26- 
[a7 
rotl 
lIe) 
; 


nod27- 
laG 
rot2 
11e} 
; 
nod28- 
(a5 
rot3 
11e) 
; 
nod29- 
(a' 
rot4 
11e] 
; 
nod30- 
(a3 
rotS 
11e] 
; 


nod31- 
[a2 
rot6 
11e) 
; 


nod32- 
[a1 
rot7 
11e) 
; 
10 
- 
[le 
10) ; 


out7 
xrl" 
117; 
xr2 
- 
complmto; 
out6 
xrl 
- 
116; 


xr2 
- 
complmto; 
outS 
xrl 
- 
115; 


xr2 
• 
complmto; 


out4 
xrl 
- 
/14; 


xr2 
- 
complmtOi 
out3 
xrl'" 
13; 


xr2 
- 
complmto; 


out2 
xrl· 
12; 
xr2 
• 
complmto; 
outl 
xrl 
- 
11; 


xr2 
•. complmto; 
autO 
xrl" 
10; 


xr2 
- 
complmtoi 


Simulation 
input 
for 
BRlSHFT 
(--------INPUTS--------) 
( B,/B 
) 
llllllllllllhlhhhhhhhhhh 
-------- 


hhhhhhhhllllhlhhhhhhhhhh-------- 
hlhlhlhlllllhlhhhhhhhhhh 
-------- 
lhlhlhlhllllhlhhhhhhhhhh 
-------- 


lllllllhllllhlhhhhhhhhhh 
-------- 
lllllllhllhlhlhhhhhhhhhh 
-------- 


lllllllhlhllhlhhhhhhhhhh 
-------- 
lllllllhlhhlhlhhhhhhhhhh 
-------- 
lllllllhhlllhlhhhhhhhhhh 
-------- 
lllllllhhlhlhlhhhhhhhhhh 
-------- 


lllllllhhhllhlhhhhhhhhhh 
-------- 
lllllllhhhhlhlhhhhhhhhhh 
-------- 


llllhhhhhlllhlhhhhhhhhhh 
-------- 
hlhlhlhlllhlhlhhhhhhhhhh 
-------- 
llllllllllllhlhhhhhhhhhh 
-------- 
lllllllllllhhlhhhhhhhhhh 
-------- 
llllhhhhllllhlhhhhhhhhhh 
-------- 
hlhlhlhlllllllhhhhhhhhhh 
-------- 


lllllllhllllllhhhhhhhhhh 
-------- 


llllllhlllllllhhhhhhhhhh 
-------- 


lllllhllllllllhhhhhhhhhh 
-------- 


llllhlllllllllhhhhhhhhhh 
-------- 


lllhllllllllllhhhhhhhhhh 
-------- 


llhlllllllllllhhhhhhhhhh 
-------- 


lhllllllllllllhhhhhhhhhh 
-------- 


hlllllllllllllhhhhhhhhhh 
-------- 
llllllllllllhlhhhhhhhhhh 
-------- 
llllllllllllhhhhhhhhhhhh 
-------- 
QUIT 


-ShiftO 
- 
Input 
00- 
FF- 
>,A- 
SS- 


. ShiftO 
- 
Input 
01- 
1 
2 
3 


4 
5 
6 
7 
-Shift4 
- 
Input 
OF- 


-Shiftl 
- 
Input 
AA~ 
~ShiftO 
- 
Input 
00- 
-Complement output~ 
-ShiftO 
- 
Input 
OF~ 


-start latch test ~ 
·continue. 


~end~ 
~un-latch 
output- 


-3-state 
outputs~ 


(--------INPUTS--------) 
( B,IB 
> 
(XOR 
) 
( 
/0,0) 
TRACE 
TER."".5 
222211111111111 
321098765432109876543210 
76543210 76543210 76543210 


000000000000101111111111 
HHHHu.LL 
LUJ..U..IL 
LLLLHHHH 
111111110000101111111111 
LLLLHHHH 
HHHHHHHH LLLLHHHH 
101010100000101111111111 
LHLHLHLH 
HLHLHLHL 
u.LLHHHH 
010101010000101111111111 
HLHLHLHL 
LHLHLHLH 
ILLLHHHH 
000000010000101111111111 
HHHHHILL 
LLLLll.LHILILHHHH 
000000010010101111111111 
HHHHLHLL 
LLLLLLHL 
LLLLHHHH 
000000010100101111111111 
HHHHUHL 
LLLLLHLL 
LLLLHHHH 
000000010110101111111111 
HHHHLLLHILLLHllL 
ULLHHHH 
000000011000101111111111 
HHHILLLL 
LLLHULL 
LLLLHHHH 
000000011010101111111111 
HHLHLUL 
ll.HLLLLL 
LLLLHHHH 
000000011100101111111111 
HLHHLLLL 
LHULLLL 
ll.LLHHHH 
000000011110101111111111 
LHHHLLLL 
HLLLLLU... 
LLLLHHHH 


000011111000101111111111 
LLLLLLLL 
HHHHLLLL 
LLLLHHHH 


101010100010101111111111 
HLHLHLHL 
LHLHLHLH 
LLLLHHHH 


000000000000101111111111 
HHHHLLLL 
LLLI..LILL 
LLLLHHHH 


000000000001101111111111 
HHHHLLLL 
HHHHHHHH I.LLLHHHH 
000011110000101111111111 
HHHHHHHH LLLLHHHH 
LLLLHHHH 
101010100000001111111111 
HHHHHHHH U.ILHHHH 
ll.LLHHHH 
000000010000001111111111 
HHHHHHHH LLLLHHHH 
LLLLHHHH 
000000100000001111111111 
HHHHHHHH LLLLHHHH 
LLLLHHHH 
00000100000C001111111111 
HHHHHHHH LLLLHHHH 
LLLLHHHH 
000010000000001111111111 
HHHHHHHH ILLLHHHH 
ILLLHHHH 
000100000000001111111111 
HHHHHHHH ULLHHHH 
ILLLHHHH 
001000000000001111111111 
HHHHHHHH LLI..LHHHH 
LLLLHHHH 
010000000000001111111111 
HHHHHHHH ULLHHHH 
ILLLHHHH 
100000000000001111111111 
HHHHHHHH lLLLHHHH 
LLLLHHHH 
000000000000101111111111 
HHHHLLLL 
ILI.ll.LI.L 
LLLLHHHH 
000000000000111111111111 
HHHHILLL 
LLLLHHHH 


------------------------ 
-------- 
I/O 
CO~TROL 
LINES 


cx:xxx:xxx:> 
DESIGNATED 
I/O 
USAGE 


cx:xxx:xxx:> 
ACTUAL 
I/O 
USAGE 


PINLIST 
... 
14 13 12 11 10 09 07 06 05 04 03 02 01 52 51 50 .;9 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 
27 26 25 24 23 22 21 19 


File 
Name 
: 
l2BITOiP 


Date: 
9/1S/1987 
Time 
, 
9,36,0 


••••••••••••••••••••• 
PIN 
L I 
S T •••••••••• 
, •••• 
, •• , •• 


Left 
Right 
LABEL 
FNC 
•..• PIN 
PIN·· 
FNC 
"'* 
LABEL 


VCC 
+SV 
"'* 
8-1 
1-46 
+SV 
•..• VCC 
B6 
I 
9-1 
1-4s 
I 
"''''A4 


B7 
I 
10-1 
1-44 
I 
"'*A3 
B8 
I 
11-1 
P 
1-43 
I 
·*1\2 
B9 
I 
12-1 
L 
1-42 
I 
*"'A1 
BI0 
I 
13-1 
H 
1-41 
I 
"'*AO 
B11 
I 
14-1 
S 
1-40 
/0 
"'*CMPOUT 
ENCOMP 
I 
Is-I 
S 
1-39 
I 
"'·DA2 


DCDREN 
I 
16-1 
0 
1-38 
I 
* "'DAl 


RW 
I 
17-1 
1 
1-37 
I 
·*DAo 


N/C 
B 
18-1 
1-36 
0 
"''''R7 
1'0 
0 
19-1 
1-3s 
0 
·*R6 


GND 
OV 
20-1 
1-34 
OV 
"''''GND 


Bottom 
Top 
LABEL 
FNC "''''PIN 
PIN"'''' 
FNC 
LABEL 


WI 
0 
21-1 
1- 7 
I 
"''''BS 


1'2 
0 
22-1 
1- 6 
I 
"''''B4 


1'3 
0 
23-1 
1- S 
I 
"''''B3 


1'4 
/0 
24-1 
.p 
1- 4 
I 
"''''B2 


WS 
/0 
2s-1 
L 
1- 3 
I 
"''''Bl 


1'6 
/0 
26-1 
H 
1- 
2 
I 
**Bo 
1'7 
/0 
27-1 
s 
1- 1 
I 
**All 


RO 
0 
28-1 
S 
l-s2 
I 
**AI0 


Rl 
0 
29-1 
0 
I-Sl 
I 
"'*A9 


R2 
0 
30-1 
1 
I-so 
I 
"''''AS 


R3 
0 
31-1 
1-49 
I 
*"'A7 
R4 
0 
32-1 
1-48 
I 
"''''A6 


RS 
0 
33-1 
1-47 
I 
"'*AS 


Figure 
6.10 12·81t Comparator 
Pin List 


12 BIT COMPARATOR 
WITH 
DUAL 
1 OF 8 DECODERS 
Two functions that are very often associated 
with controlling 
I/O parts are address com- 
parison and address decoding. In this exam- 
ple, both functions 
are programmed 
into a 


PLHS501 using 52 out of the 72 foldback 
NAND terms. 


The comparator compares 12 bits on inputs 
A11 - AO to inputs 811 - 80 when the input 
'ENCMP" 
is High. 
Output 
'CMPOUT' 
will 


become active-Low when all 12 bits of the A 
input match the 8. Selection between the two 
decoders is done with input 'R/W'. 
Only one 


output 
may be active 
(Low) at a time. Al- 


though currently separate functions, 
the de- 


coder enable may be derived internally from 
'CMPOUT' 
freeing 2 bidirectional pins which 


together with available foldback NAND terms, 
may be used to incorporate a third function. 


~I!_AO~ 


COMPARE 
CMPOUT 
B11-80 


ENCOMP 


File 
Name : l2BITCMP 
Date 
: 9/1S/l9B7 


Time: 
9:36:17 


@DEVICE 
TYPE 
PLHSS01 


@DRAWING 


@REVISION 
@DATE 
@SY"-BOL 
@COMPANY 


@NA!iE 


@DESCRIPTION 


@INTERNAL 
NODE 
axbO,axb1, axb2, axb3 I axb4,axbS, axb6; 
axb7, axbS, axb9, axb10, axb11; 


@COMMON 
PRODUCT 
TERM 
adO-/da2- /da1- /daO'"dcdren; 
adl-/da2-/dal'" 
daO-dcdren; 


ad2-/da2- 
da1-/daO"'dcdren; 


ad3-/da2- 
da1- daO'"dcdren; 


ad4- da2- /dal- /daO'"dcdren; 
adS- da2"'/dal- 
daO"'dcdren; 


ad6- da2'" dal"'/daO-dcdren; 
ad7- da2- dal- 
daO-dcdren; 


@I/O 
DIRECTION 


@I/O 
STEERING 


@LOGIC 
EQUATION 


axbO - aO'"jbO + /aO-bD; 
axbl 
- al-jb1 
+ /al'"bl; 


ax.b2 - a2-/b2 
+ /a2.b2; 


axb3 - a3-/b3 
+ /a3"b3; 


axb4 - a4"jb4 
+ /a4"b4; 


axbS - as-/bS 
+ /as"bS; 


axb6 - a6-jb6 
+ /a6"b6; 


axb7 - a7"jb7 
+ /a7"b7; 
axb8 - aB"jbB + /as'"bB; 
axb9 - a9"jb9 
+ /a9"b9; 
axhlD - a1D-jblD 
+ /aID*bIO; 
axbll 
- all*jbll 
+ /a11'"bll; 


- 
da2-daD are address 
inputs 
- 
dcdren 
is 
an enable 
input 
- 
rw selects 
•••• 
hich group of B outputs 
r7-rO or •••• 
7-•••• 
0 


will 
have the decoded active 
10••••output 


H 


•••• 
7 - /(ad7*/nl); 


•••• 
6 - /(ad6*/nl); 


wS - /(ad5*/rw); 
•••• 
4 •. /(ad4-/nl); 
•••• 
3 - /(ad3'"/nl); 


•••• 
2 - /(ad2·/rw); 


wI - /(adl-/rw); 
•••• 
0 - /(adO*/rw); 


r7 - /(ad7- 
rw); 


r6 •. /(ad6· 
nl); 
rS - leadS. 
rw); 
r4 - /(ad4* 
rw); 
r3 - /(ad3· 
r;.1); 
r2 - /(ad2* 
rw); 
rl 
- /(adl'" 
nor); 
rO - /(adO* rw); 


Simulation 
inputs 
for 
128ITCMP 
< -------- 
INPUTS--------) 
< 
8, /8 
> 


2222HHHHHHHHHHH 


32HL98765432HL98765432HL 
765432HL 


IIIIIIIIIIIIIIIIIIIIIIII 
-LLL-LLL 
TI I I I I TI I I I I I I I I I I T TI I I I 
-LLH-LLL 


HLHLHLHLHLHLHLHLHLHLHLHL 
-LLJi-LLL 


LHLHLHLHLHLHLHLHLHLHLHLH 
-LLH-LLL 
HHHHHHHHHHHHHHHHHHHHHHHH 
-LLH-LLL 
HHHHHHHHHHHHLHHHHHHHHHHH 
-LLH-LLL 


I II 
II 
II 
I II 
II IT I II 
IT II 
I IT 
-LHL-LLL 


II 
I II 
I II II 
TT II 
I II I I II 
I rr 
-HHL-Lll. 


I T I I T I I I I I T TT TI I I I I I I I I T 
-HHL-LLH 


II 
II 
II 
I II 
T IT I rr 
rr 
I II 
II 
IT 
-HHL-LHL 


IITIIIITIIIIIIIIIIIIIITI 
-HHL-LHH 


T II II 
IT I II 
IT II 
I IT IT I TII 
I 
-HHL-HLL 


I IT I II 
TI rr 
IT I II 
TIT I IT I IT 
-HHL-HLH 


II 
IT II 
T II II 
I II 
IIn 
II 
I II 
I 
-HHL-HHL 


IIIIIIIIIIIITIIIITIIIIIT 
-HHL-HHH 


I n I II 
II I I n I II 
II 
II 
T II II 
-LHL-HHH 
QUIT 


·disable 
comp· 


- enable 
comp· 
~comp 
M· 


·comp 
55- 


·comp 
FF· 


~A not 
equal 
8~ 
• enable 
decoder 
w~ 


• enable 
decoder 
R· 


·count 
1- 
2- 
r 
4 - 
S- 
6-,- 


~enable 
decoder 
W· 


< -------- 
INPUTS-------- 
> 
< 
B, /8 
> 
< 
XOR 
> 
< 
/0,0 
> 
TRACE 
TERP.5 


222211111111111 
321098765432109876543210 
76543210 
76543210 
76543210 


000000000000000000000000 
HOOOHOOO 
HHHHHHHH 
HHHHHHHH 


000000000000000000000000 
HoOlLOoo 
HHHHHHHH 
HHHHHHHH 


101010101010101010101010 
HoOILooO 
HHHHHHHH 
HHHHHHHH 
010101010101010101010101 
H001LOOO 
HHHHHHHH 
HHHHHHHH 
111111111111111111111111 
Ho01LOoO 
HHHHHHHH 
HHHHHHHH 
111111111111011111111111 
Ho01Hooo 
HHHHHHHH 
HHHHHHHH 
000000000000000000000000 
HOI0HOOO 
HHHHHHHH 
HHHHHHHL 
000000000000000000000000 
H110HOOO 
HHHHHHHL 
HHHHHHHH 
000000000000000000000000 
H110H001 
HHHHHHLH 
HHHHHHHH 
000000000000000000000000 
HI10HOI0 
HHHHHLHH 
HHHHHHHH 
000000000000000000000000 
H110HOll 
HHHHLHHH 
HHHHHHHH 
000000000000000000000000 
HI10HI00 
HHHLHHHH 
HHHHHHHH 
000000000000000000000000 
HI10HI01 
HHLHHHHH 
HHHHHHHH 
000000000000000000000000 
HI10HI10 
HLHHHHHH 
HHHHHHHH 
000000000000000000000000 
H110Hl11 
LHHHHHHH 
HHHHHHHH 
000000000000000000000000 
H010H111 
HHHHHHHH 
LHHHHHHH 


------------------------ 
I/O 
CO~TROL 
LINES 


OIIIOIII 
DESIGNATED 
I/O 
USAGE 
OIlIOIlI 
ACTUAL 
I/O 
USAGE 


PINLIST 
_ . 
14 
13 
12 
11 
10 
09 
07 
06 
05 
04 
03 
02 
01 
52 
51 
SO 
49 
48 
47 
45 
44 
43 
42 
41 


18 
17 
16 
15 
40 
39 
38 
37 
36 
35 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
19 


a-BIT 
CARRY 
LOOK-AHEAD 


ADDER 
File 
Name : 
8BITADDR 
This function may be used as part of an ALU 
Date: 
9/15/1987 
design or simply to off-load a microprocessor. 
Time: 
9:37:21 
Figure 6.16 is a block diagram showing the 
••••••••••••••••••••• 
PIN 
L I S T ••••••••••••••••••••• 
individual components needed for each bit. 


A carry input (CO) is provided along with a 
Left 
Right 
LABEL 
FNC 
"'PIN 
PIN·· 
FNC 
LABEL 
carry output (C8). The result of an addition 
VCC 
+SV·· 
8-1 
1-46 
+5V *·vcc 
between the inputs A7 - AO and 87 - 80 oc- 
A2 
I 
9-1 
1-45 
I 
"N/C 
curs on outputs SUM7 - SUMO. 
A3 
I 
10-1 
1-44 
I 
·*N/C 


A4 
I 
ll-I 
P 
1-43 
I 
·*N/C 


A5 
I 
12-1 
L 
1-42 
I 
• "'N/C 


A6 
I 
13-1 
H 
1-41 
I 
"N/C 
A7 
I 
14-1 
S 
1-40 
/0 
"N/C 
N/C 
B 
15-1 
5 
1-39 
/0 
"N/C 
N/C 
B 
16-1 
0 
1-38 
/0 
"N/C 


N/C 
B 
17-1 
1 
1-37 
/0 
"N/C 
N/C 
B 
18-1 
1-36 
0 
··SUM? 
C8 
0 
19-1 
1-35 
0 
··SUM6 
GND 
OV 
20-1 
1-34 
OV 
··GNO 


Bottom 
Top 
LABEL 
FNC ""PIN 
PIN·" 
FNC 
lABEL 
N/C 
0 
21-1 
1- 7 
I 
"AI 
N/C 
0 
22-1 
1- 6 
I 
··AD 
N/C 
0 
23-1 
1- 
5 
I 
··B7 
N/C 
/0 
24-1 
P 
1- 4 
I 
"B6 
N/C 
/0 
25-1 
L 
1- 3 
I 
**B5 
N/C 
/0 
26-1 
H 
1- 2 
I 
"·84 


N/C 
/0 
27-1 
S 
1- 
1 
I 
··B3 
SUMO 
0 
28-1 
5 
I-52 
I 
··82 
SUMI 
0 
29-1 
0 
I-51 
I 
"Bl 
SUM2 
0 
30-1 
1 
I-50 
I 
"80 


SUM3 
0 
31-1 
1-49 
I 
"CO 


SUM4 
0 
32-1 
1-48 
I 
"N/C 


SUM5 
0 
33-1 
1-47 
I 
"N/C 


Figure 6.15 8-Blt Adder 
Pin list 


'~nd-.- 
•......... 


G3 P3 
01 p, 
tttt 
tttt 
•.•••• 
_1 


G2 
1 
I=~ 
G<ou9 
1 
+ 


7 


NOTES' 
G1' -G4 
+P4*G3+P4" 
P3 *G2+ 
P4" 
P3" 
P2 *Gl; 


Pl' 
- P4 .• P3 .• P2 .• Pl 
G2' - GB + P8 .• G7 + P8 .• P7 .• G6 + P8 .• P7 .• P6 .• G5; 
P2' -pet 
P7*PS* 
P5 


Cl ., Gl 
+ Pl .•co; 


C2-G2+P2*Gl 
+P2*Pl·CO; 


C3 '"'G3 
+P3 
*G2 
+ P3" 
P2 *Gl 
+ P3" 
P2" 
Pl 
• CO; 


C4-Gl'+Pl'·CO; 
C5 - G5 + P5" 
G1' + P5" 
Pl'" 
co; 
C6 - G6 + P6 *G5+ 
PS* 
PS* 
G,' 
+ PS* 
PS* p,' • co; 


C7-G7+ 
P7*G6+P7*PS*G5 
+ P7" 
P6" 
PS*Gl' 
+ P7" 
P6 t PSt 
Pl' 
t co; 


C8 - G2' + P2' 
t Gl' 
+ P2' 
t Pl'· 
co; 


File 
Name : 8BITADDR 
Date 
: 9/15/1987 
Time: 
9:37:36 
@DENICE 
TYPE 
PLH$501 
@DRAWING 


@RENISION 
@DATE 
@SYMBOL 


@COMPANY 


@NAME 


@DESCRIPTION 
8 Bit 
Carry 
Look-Ahead 
Adder 


9n7 - l(a6-b6); 
p7 - 1(/06- /b6); 
97 - 
19n7; 


gn8 - 
l(a7*b7}; 
p8 - l(/a7-/b7); 
g8 
- 
19n8; 


@INTERNALNODE 
98.91.92.93.94.95. 
96. 
97; 


p8. 
pl. 
p2. 
p3. 
p4. 
p5. 
p6. 
p7; 


gn8, 9nl,9n2, 
9n3 ,9n4 ,9n5,9n6, 
gn7; 


el, e2,c3 
,c4 ,c5, c6,c7; 
91_1.92_1; 
@COMMON 
PRODUCTTERM 


@I/O 
DIRECTION 


@I/O 
STEERING 


@LOGIC 
EQUATION 


-level-1 
functions- 


91_1 
- 
94 
+ p4*g3 
+ 
p4*p3*g2 
+ p4*p3*p2*g1; 
92_1 
- 
98 
+ p8*g7 
+ p8*p7*96 
+ p8*p7*p6*g5; 


-1evel-0 
functions- 
gn1 - 
/(aO*bO); 


pI - /(/00- /b0); 
91 - 19n1; 


c2 - 
g2 
+ 
c3 - 
g3 
+ 
c4 - 91_1 
c5 - 
g5 
+ 
c6 - 96 + 
c7 - 97 + 


c8 - 92_1 


-carry 
info:nnation- 
c1 
- 
91 
+ pl*cO; 
p2*g1 
+ p2*p1*cO; 


p3*g2 
+ p3*p2*91 
+ p3*p2*pl*cO; 


+ p4*p3*p2*p1*cO; 
p5*g1_1 
+ p5*p4*p3*p2*p1*cO; 
p6*g5 
+ p6*p5*gl_1 
+ p6*p5*p4*p3*p2*p1*cO; 
p7*g6 
+ p7*p6*g5 
+ p7*p6*p5*gI_l 
+ 


p7*p6*p5*p4 *p3*p2*pl*cO; 


+ p8*p7*p6*p5*91_1 
+ p8*p7*p6*p5*p4*p3*p2*pl*cO; 


9n2 - I(al-bl); 
p2 - /(/ol-/bl); 


92 
- 
19n2; 


- addi tion 
functions- 


sumO 
xrl 
- 
cO; 
xr2 
- 
pI 
* 9n1; 


9n3 - /(a2-b2); 
p3 - l(/a2-/b2); 
93 - 
Ign3; 


swnl 
xrl - cl; 
xr2 - p2 - gn2; 


swn2 
xrl - c2; 
xr2 - p3 - 9n3 ; 
swn3 
xrl - c3 ; 
xr2 - p4 - gn4 ; 
swn4 
xrl - c4; 
xr2 
- p5 - 9n5i 
swn5 
xrl - c5; 
xr2 - p6 - gn6 ; 
swn6 
xrl - c6; 
xr2 - p7 - 9n7 ; 
swn7 
xrl - c7 ; 
xr2 .p8 - 9n8; 


gn4 - 
l(a3*b3}; 
p4 
- 
1(/03-/b3); 
94 - 
/9n4; 


9n5 - l(a4-b4); 
p5 - l(/a4-/b4); 
95 - 19n5; 


Figure 6.17 B-Blt Adder Boolean 
Equations 


(--------INPUTS--------) 
( B./B 
) 


2222HHHHHHHHHHl 
321098765432109876543210 
76543210 


T T T T T T T T I I I I T T T T T HHHHHHH 
-------- 


HHHHHHHu.I..l..l.l..LLHLHHHHHHH 
-------- 


HHHHHHHLI.l..I...LI.LHLLHHHHHHH 
-------- 


LHHHHHHHLLLLLLLLHHHHHHHH 
-------- 


HLHLHLHLLHLHLHLHLHHHHHHH 
-------- 


HLHLHLHLLHLHLHLHHHHHHHHH 


LLHHHHHHULHHHHHUlHHHHHH 


QUIT 


-0 
+ 
0- 
-0 
+ 
FF- 


-1 
+ 
FF- 


-0 
+ 7F + CARRYIN- 


-AA 
+ 
55- 


-AA· 
55 
+ CARRYIW 
-3F 
+ 
IF- 


(--------INPUTS--------) 
< B,/8 
) (XOR 
) ( /0,0) 
TRACETER.'"lS 
222211111111111 
321098765432109876543210 
76543210 
76543210 
76543210 


000000000000000001111111 
HHHHl.LLL 
LILLLLLL 
LLLLHHHL 


111111100000000101111111 
HHHHULL 
HHHHHHHH LLLLHHHL 


111111100000001001111111 
HHHHLLLL 
I..LLU.LLL 
LLLLHHHH 


011111110000000011111111 
HHHHLLLL 
HLLI.J.LLL 
ULLHHHL 


101010100101010101111111 
HHHHLLLL 
HHHHHHHH LLLLHHHL 
101010100101010111111111 
HHHHLLLL 
LLLLLLLL 
LLLLHHHH 
001111110001111101111111 
HHHHLLLL 
LHLHHHHL 
LLLLHHHL 


------------------------ 
-------- 
I/O 
CONTROL 
LINES 


ocx:xx:x:xx> 
DESIGNATED 
I/O 
USAGE 


oocxxx:xx> 
ACTUAL 
I/O 
USAGE 


PINLIST 
... 
14 
13 
12 
11 
10 
09 
07 
06 
05 
04 
03 
02 
01 
52 
51 
50 
49 
48 
47 
45 
44 
43 
42 
41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 


27 
26 
25 
24 
23 
22 
21 
19 


File 
Name , ENCODER 


Date 
, 9/15/1987 
Time , 9:38:43 


tltIlltllIlI 
111111'" PIN 
L I S T "'""'"11"11'"'' 


Left 
Right 
LABEL 
FNC ""PIN 
PIN"'''' FNC 
lABEL 


VCC 
+SV .'" 
8-1 
1-46 
+5V 
"''''VCC 


Il8N 
1 
H 
1-45 
1 
"''''I4N 


Il9N 
1 
10-1 
1-44 
1 
·"'I3N 


120N 
1 
11-1 
P 
1-43 
I 
·"'I2N 


r2lN 
I 
12-1 
L 
[-42 
I 
uIlN 
122N 
1 
13-[ 
H 
[-41 
1 
"'·ION 
123N 
1 
14-1 
S 
[-40 
1 
"I3lN 


124N 
1 
15-1 
5 
1-39 
1 
"I30N 


12SN 
1 
16-1 
0 
1-38 
I 
"I29N 


126N 
1 
17-1 
1 
1-37 
I 
"I28N 


127N 
1 
18-1 
1-36 •• 0 
"N/C 
N/C 
0 
19-[ 
[-35 
•• 0 
"''''A4N 
GND 
OV 
20-[ 
1-34 
"'''' OV 
"''''GND 


Bottom 
Top 


LABEL 
FNC "''''PIN 
PIN"'· 
FNC 
LABEL 


N/C 
•• 0 
21-[ 
1- 7 
1 
uIl7N 
N/C 
•• 0 
22-[ 
[- 
6 
1 
**I16N 


N/C 
•• 0 
23-[ 
1- 5 
1 
"rlSN 


N/C 
•• /0 
24-[ 
P 
1- 4 
I 
""I14N 
N/C 
•• /0 
25-1 
L 
1- 3 
I 
"I13N 
N/C 
*. 
/0 
26-1 
H 
1- 2 
1 
"Il2N 
N/C 
•• /0 
27-1 
s 
1- 1 
I 
"IllN 
GSN 
"0 
28-[ 
5 
I-52 
I 
"IlON 
EON 
•• 0 
29-[ 
0 
[-51 
1 
.•.•r9N 
AON 
•• 0 
30-[ 
1 
I-50 
1 
·"'r8N 


A1N 
•• 0 
31-[ 
1-49 
1 
"''''r7N 


A2N 
•• 0 
32-1 
1-48 
1 
It'''I6N 


A3N 
•• 0 
33-1 
1-47 
1 
·"'rSN 


Figure 6.20 Encoder Pin List 


32- to 5-BIT PRIORITY 
ENCODER 
This relatively simple example demonstrates 
tha capability 
of the PLHS501 to be pro- 
grammed with functions that are not available 
in 'standard' 
device libraries. The equations 


may look difficult 
at first glance. 
However, 


there is a pattern to the encoding. Referring 
to Figure 6.21, Lab4 - Lab1 are terms that are 
common to several outputs (A4n - AOn).Sep- 
arating them from the main equations allows 
a total 
reduction 
in the numbers of gates 
used. 


32 
TD 
5 


PAlOn!TT 


ENCODE" 


File 
Name 
: 
ENCODER 
Date 
: 9/15/1987 
Time: 
9:39:1 


@DEVICE 
TYPE 
PLHS501 
@DRAWING 


@REVISION 


@DATE 


@SYMBOL 


@CaIPANY 


@NAME 


@DESCRIPTION 
32 TO 5 
PRIORITY 
ENCODER 


@COMMON 
PRODUCT 
TERM 
cpt 1 - 126n*127n"'128n"'129n*130n*131n; 
cpt2 
- 
120n*121n"'122n"'123n*124n*125n, 
cpt3 
- 
114n*115n*116n"'117n""118n"'119n; 
cpt4 
- 
18n"'19n*il0n*111n"'112n*113n; 


@INTERNAL 
NODE 


eo labl 
lab2 
lab3 
lab4 
@I/O 
DIRECTION 
@I/O 
STEERING 


@LOGIC 
EQUATION 
labl - 
(/131n 


+ 
[/127n"'i28n*i29n*i30n*131n) 
+ 
[/i23n*i24n"'i25n"'cpt1) 


+ 
[/iI9n*cpt2*cptl] 


+ 
[/i15n*i16n*i17n"'118n*iI9n*cpt2"'cptl] 
{/illn* 
i12n *i13n*cpt3 
"'cpt2*cptl] 


[/1 7n*cpt4 "'cpt3*cpt2"'cptl) 


+ 
[/13n"'14n"'15n"'16n"'17n*cpt4 *cpt3*cpt2"'cptl] 
); 
lab2 
- 
[/123n*124n*125n*cptl] 
[/122n *1230* 124n '"i25n"'cptl] 
+ 
[/i21n*122n"'i23n"'i24n*125n*cptl] 


+ 
[/120n*i21n"'i22n"'123n"'i24n"'i25n*cptl]); 


lab3 
- 
[/i15n"'i16n*i17n*i18n*i19n*cpt2*cptl] 


+ 
[/i14n"'ilSn"'116n"'iI7n*118n*i19n"'cpt2"'cptl] 


+ 
[/113n"'cpt3"'cpt2*cptl] 
+ 
[/iI2n"'i13n"'cpt3"'cpt2*cpt1]) 
.. 
lab4 
- 
1131n 
[/130n-Uln] 
[/i29n*i30n"'131n) 


+ 
[/128n*129n"'130n"'131n] 


[/1270 *128n*129n*1300*1310] 
[/126n 
*1270*1280*1290*130n*131n] 


[/i25n*cptl] 
+ 
[/i24n*i25n*cptl]); 
eo 
- l{iOn*iln*12n*130*i4n*15n*i6n*17n 


*18n*19n*lIOn *1110*112n*1130*1140*1150 
*1160*1170*1180*119n*1200*1210* 1220*1230 
*124n*1250*cptl) 
; 
9sn - leo; 
eon 
- eo; 


aOn - 
/( 
labl 
+ 
[/1290*130n*1310] 


+ 
[/1250*cptl] 
+ l/121n*1220*1230*124n*125n*cpt1] 
+ 
{/117n*118n*119n*cpt2*cptl] 
+ 
[/113n*cpt3*cpt2*cptl] 


+ 
[/190* 110n*1110*112n*1130*cpt3 *cpt2*cpt1] 
+ 
[/15n*16n*170*cpt4*cpt3*cpt2*cptl] 


+ 
(/110*12n*130*14n*150*16n*1 70*cpt4 *cpt3*cpt2*cptl] 
); 


aln 
- 
/{ 
labl 


+ 
[/130n*131n] 


+ 
[/126n*1270*1280*129n*1300*131n] 


+ 
l/1220*123n*1240*125n*cpt1] 
{/118n *119n*cpt2*cptl] 
[/114n*115n"116n*1170* 118n*119n*cpt2*cptl] 
[/11 On*1110*1120*113n*cpt3 *cpt 2*cptl] 


+ 
{j16n*1 7n*cpt4 *cpt3*cpt2*cptl] 


+ 
(/12n*13n*14n*i5n*160*17n*cpt4*cpt3*cpt2*cptl1); 


a2n - 
I( 
li310 


+ 
(/1300*131n] 


+ 
[/1290*1300*131n] 
+ 
(/128n*1290*130n"131n] 
+ 1ab2 
+ lab3 


+ 
(/1 7n*cpt4 *cpt3 "cpt2*cptl] 


+ 
[/160" i 7n*cpt4 *cpt3*cpt2*cptlJ 
+ 
(/150*160*17n*cpt4*cpt3*cpt2*cptlJ 


"+" 
[/14n*15n*16n*1 
7n*cpt4 *cpt3*cpt2*cptl] 
); 
a30 - 
I{ 
lab4 
+ lab3 
+ 
(/111n*112n*113n*cpt3*cpt2*cptl] 


+ 
(/1100 *111n*1120" 1130*cpt3 *cpt2*cptl 
J 


+ 
(/190*110n* illn* 
i12n*i130*cpt3*cpt2*cptl] 


+ 
(/i8n*19n*ilOn*illn*i12n*113n*cpt3*cpt2*cptlJ); 


a4n - 
/( 
lab4 
+ lab2 


+ 
[/i190*cpt2*cptl] 
+ (/il8n*i19n*cpt2*cptl] 
+ 
[j117n*118n*i19n*cpt2*cptlJ 


+ 
(/116n*i17n*i18n*119n*cpt2*cptl]); 


HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHH 
• Inputs 
all 
high· 


HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHLHHH 
·131 
- 
LSS 
low· 


HHHHHHHHHHHHHHHHHHHHHHHL 
HHHHHHHH 
·10 
- 
MSB 
low· 


HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHH 
- 130 
low· 


HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHLH 
·129· 


HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHL 
- 128· 


HHHHHHHHHHHHHHHHHHHHHHHH 
LHHHHHHH 
·I2r 


HHHHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHH 
·126- 


HHHHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHH 
- I 25- 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHLHHHH 
- 124- 


LHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHH 
·123· 


HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHH 
·122- 


HHLHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHH 
·121- 


HHHLHHHHHHHHHHHHHHHHHHHH 
HHHHHHHH 
- 120· 


HHHHLHHHHHHHHHHHHHHHHHHH 
HHHHHHHH 
- 119· 


HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHH 
- 118- 


HHHHHHLHHHHHHHHHHHHHHHHH 
HHHHHHHH 
·117- 


HHHHHHHLHHHHHHHHHHHHHHHH 
HHHHHHHH 
- 116· 


HHHHHHHHLHHHHHHHHHHHHHHH 
HHHHHHHH 
- 115· 


HHHHHHHHHLHHHHHHHHHHHHHH 
HHHHHHHH 
- 114· 


HHHHHHHHHHLHHHHHHHHHHHHH 
HHHHHHHH 
• 113- 


HHHHHHHHHHHLHHHHHHHHHHHH 
HHHHHHHH 
·112- 
HHHHHHHHHHHHLHHHHHHHHHHH 
HHHHHHHH 
• Ill- 


HHHHHHHHHHHHHLHHHHHHHHHH 
HHHHHHHH 
·110· 
HHHHHHHHHHHHHHLHHHHHHHHH 
HHHHHHHH 
·19· 


HHHHHHHHHHHHHHHLHHHHHHHH 
HHHHHHHH 
·18· 


HHHHHHHHHHHHHHHHLHHHHHHH 
HHHHHHHH 
·17- 


HHHHHHHHHHHHHHHHHLHHHHHH 
HHHHHHHH 
- 16- 


HHHHHHHHHHHHHHHHHHLHHHHH 
HHHHHHHH 
• IS· 


HHHHHHHHHHHHHHHHHHHLHHHH 
HHHHHHHH 
• 14 ~ 


HHHHHHHHHHHHHHHHHHHHLHHH 
HHHHHHHH 
- 13· 


HHHHHHHHHHHHHHHHHHHHHLHH 
HHHHHHHH 
- 12- 


HHHHHHHHHHHHHHHHHHHHHHLH 
HHHHHHHH 
• 11- 


HHHHHHHHHHHHHHHHHHHHHHHL 
HHHHHHHH 
·10· 


HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHH 
• ALL 
HIGH- 
TI T IT IT TIT I IT I IT IT I IT I IT 
LLLU.LLL 
-ALL 
LOw· 


HHHLHHHLHHHHLHHHHLHHHLHH 
HHHLHHLH 
-Several 
simultaneously~ 


QUIT 


(--------INPUTS--------) 
( B,IB 
) 
(XOR 
) 
( 
/0,0) 
TRACETER.~ 


222211111111111 
321098765432109876543210 
76543210 
76543210 
76543210 


111111111111111111111111 
11111111 
LHHHHHLH 
u.LLHHHH 
111111111111111111111111 
11110111 
LLLLLLHL 
lLLLHHHH 
111111111111111111111110 
11111111 
LHHHHHHL 
LLLLHHHH 


111111111111111111111111 
11111011 
LlLLLHHL 
lLLLHHHH 
111111111111111111111111 
11111101 
lLLLHLHL 
lLLLHHHH 
111111111111111111111111 
11111110 
lLLLHHHL 
lLLLHHHH 
111111111111111111111111 
01111111 
LLLHLLHL 
LLLLHHHH 
111111111111111111111111 
10111111 
LLLHLHHLULLHHHH 
111111111111111111111111 
11011111 
LLLHHLHL 
LLLLHHHH 
111111111111111111111111 
11101111 
LLLHHHHL 
lLLLHHHH 
011111111111111111111111 
11111111 
LLHLLLHLULLHHHH 
101111111111111111111111 
11111111 
LLHLLHHL 
lLLLHHHH 
110111111111111111111111 
11111111 
LLHLHLHL 
lLLLHHHH 
111011111111111111111111 
11111111 
LLHLHHHL 
LLLLHHHH 
111101111111111111111111 
11111111 
LLHHLLHL 
LLLLHHHH 
111110111111111111111111 
11111111 
LLHHLHHL 
LLLLHHHH 


111111011111111111111111 
11111111 
LLHHHLHL 
lLLLHHHH 
111111101111111111111111 
11111111 
LLHHHHHL 
U.LLHHHH 
111111110111111111111111 
11111111 
LHLLLLHL 
LLLLHHHH 
111111111011111111111111 
11111111 
LHLLLHHL 
LLLLHHHH 
111111111101111111111111 
11111111 
LHLLHLHL 
LLLLHHHH 
111111111110111111111111 
11111111 
LHLLHHHL 
lLLLHHHH 
111111111111011111111111 
11111111 
LHLHLLHL 
lLLLHHHH 


111111111111101111111111 
11111111 
LHLHLHHL 
LLLLHHHH 
111111111111110111111111 
11111111 
LHLHHLHLu..LLHHHH 
1111111111111I1011111111 
11111111 
LHLHHHHL 
ILLLHHHH 
111111111111111101111111 
11111111 
LHHLLLHL 
LLLLHHHH 
111111111111111110111111 
11111111 
LHHLLHHL 
LLLLHHHH 
111111111111111111011111 
11111111 
LHHLHLHL 
LLLLHHHH 


111111111111111111101111 
11111111 
LHHLHHHL 
lLLLHHHH 
111111111111111111110111 
11111111 
LHHHLLHL 
lLLLHHHH 
111111111111111111111011 
11111111 
LHHHLHHL 
lLLLHHHH 


111111111111111111111101 
11111111 
LHHHHLHL 
lLLLHHHH 
111111111111111111111110 
11111111 
LHHHHHHL 
lLLLHHHH 


111111111111111111111111 
11111111 
LHHHHHLH 
lLLLHHHH 
000000000000000000000000 
00000000 
ULLLLHL LI..I..UlHHH 


111011101111011110111011 
11101101 
lLLLHLHL 
lLLLHHHH 


----------------~------- 
I/O 
CO~TROL LINES 
II II II II 
DESIGNATED I/O 
USAGE 


lIIIIIII 
ACTUAL I/O 
USAGE 


PINLIST ... 
14 13 12 11 10 09 07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 ]7 
36 35 33 32 31 30 29 28 
27 26 25 24 23 22 21 ~9 


8-BIT 
SHIFT 
REGISTER 
WITH 


SEQUENCE 
DETECTOR 


This example demonstrates an application 
using D type edge-triggered flip-flops. Six 
NAND gates are used for each flip-flop (Fig- 
ure 3.2). Note that to add an asynchronous 
reset and/or set to any flip-flop requires no 
additional gates. Also, every flip-flop must 
have a reset or set line to initialize it. Without 
being initialized, the simulator will not be able 
to determine the output states as it could 
power-up in either a set or reset condition. An 
uninitialized flip-flop will cause AMAZE 1.6 to 
display a message indicating the outputs are 
not stabilized within a certain time period. 


As can be seen from the block diagram 
(Figure 6.26) this design consists of an 8-bit 
shift register, 3-bit ripple counter and 2 flip- 
flops that are set only upon detection of 
specific patterns. The patterns are read from 
the a and aN outputs of the shift register. 
Since the input to the second flip-flop has the 
output of the first flip-flop as a product term, 
detection of the first pattern is a requirement 
for the detection of the second. 


File 
Name , 
BBTSHFT 


Date 
9/15/1987 


Time 
, 9,41,16 
""""" """"111 
P I H 
L I S T """"""""""1 


Left 
Right 


LABEL .. FHC ·"PIN 
PIN" 
FNC.. 
LABEL 
VCC 
.. +5V .. 
8-1 
1-46 .. +5V "VCC 


N/C 
.. I .. 
9-1 
1-45 .. I 
"N/C 
N/C 
.. I .. 10-1 
1-44 .. I 
"N/C 
N/C 
.. I .. 11-1 
P 
1-43 .. I 
• "'N/e 


DATA 
.. I .. 12-1 
L 
1-42 .. I 
"'·H/e 


CLK 
.. I .. 13-1 
H 
1-41 .. I 
"N/C 
RST 
.. I .. 14-1 
S 
1-40 .. /0 
"N/C 
DETI 
.. a .. 15-1 
5 
1-39 .. /0 
··C02 


DETIN 
.. a .. 16-1 
0 
1-38 .. /0 
"·CQl 
DET2 
.. a .. 17-1 
1 
1-37 .. /0 
•• coo 


DET2N 
.. a .. 18-1 
1-36 .. a 
**07 


N/C 
.. a .. 19-1 
1-35 .. a 
"·06 
GND 
.. ov .. 20-1 
1-34 .. ov 
""GND 


Bottom 
Top 


LABEL .. FNC ··PIN 
PIN"'· 
FNC .. 
LABEL 


N/C 
.. a .. 21-1 
1- 7 .. I 
"N/C 


N/C 
.. a .. n-I 
1- 6 ..I 
"N/C 
N/C 
.. a .. 23-1 
1- 5 .. I 
• "'N/C 
H/C 
.. /0 .. 24-1 
P 
1- 4 .. I 
""'N/e 
H/C 
.. /0 .. 25-1 
L 
1- 3 .. I 
"H/C 
N/C 
.. /0 .. 26-1 
H 
1- 2 .. I 
"N/C 


N/C 
.. /0 .. 27-1 
s 
1- 1 .. I 
"H/C 
00 
.. a .. 28-1 
5 
I-52 .. I 
"H/C 
01 
.. a .. 29-1 
0 
I-51 .. I 
"N/C 
02 
.. a .. 30-1 
1 
I-50 .. I 
"N/C 
03 
.. a .. 31-1 
1-49 ..I 
"N/C 


04 
.. a .. 32-1 
1-48 .. I 
"N/C 
05 
.. a .. 33-1 
1-47 .. I 
"N/C 


""""'" 


Figure 
6_25 8·Bit 
Shifter 
Pin List 


RSTN 


elK 


File 
Name : 8BTSHFT 
Date, 
9/15/1987 
Time: 
9:41:35 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 


@INTERNAL NODE 
SNO,RNO,OO; 
SNl, RNl, 01; 
SN2,RN2/02; 
SN3,RN3,Q3; 


SN4 ,RN4 ,04; 
SN5,RN5,Q5; 
SN6,RN6,06; 
SN7 ,RN7 ,07; 
CSNO/ CRNO,CONO; 
CSNl, CRNl, CONI; 
CSN2, CRN2, CON2; 
PSNO,PRNO; 
PSNl,PRNl; 
@COMMONPRODUCT TERM 
PATl" 
07*06*05*04*03*02*01*00; 
PAT2" 
07*06*05*04*03*02*Ql*00; 
@I/O 
DIRECTION 
@I/O 
STEERING 
@LOGIC EQUATION 


SNO •• /(CLK*RST* (/(SNO* (/[DATA*RST*RNO] »)) 
i 


RNO - 
/(SNO"CLK" 
(/[DATA"RST"RNOJ 
»; 
QO 
- 
/(SNO"U[RNO"QO"RST)) 
i 


SNl 
•• /(CLK*RST* (/(SNl* 
(/[OO*RST*RNl) 
}»); 
RNI ... /(SNl*CLK*(/[OO*RST*RNIJ»; 
Q1 
- 
/(SN1" 
U[RN1"Q1"RST)); 


SN2 
- 
/(CLK*RST*(/(SN2*(/[Ql*RST·RN2] 
»»1 


RN2 
- 
/(SN2*CLK*(/(Ql·RST·RN2]» 
i 
02 
- 
!(SN2*U[RN2*02*RSTj»; 


SN) - 
!(CLK*RST*U(SN)* U[02*RST*RN)j»»; 


RN3 
- 
/(Srn·CLK·(/[02·RST·RN3]»; 
0) 
- !(SN)*U[RN)*O)*kSTj»; 


SN4 - 
!(CLK*RST' U(SN" 
U [O)*RST'RN4j »»; 
RN4 - 
!(SN4*CLK'U[O)'RST'RN4]»; 
04 
- !(SN4* U[RN4'Q4'RSTj»; 


SNS - !(CLK'RST'U(SNS'U[04'RST'RNSj»»; 
RNS - !(SNS*CLK' U[04*RST'RNSJ»; 
05 
- 
!(SNS*U[RNS*OS'RSTJ»; 


SN6 - !(CLK'RST'U(SN6'U[OS'RST'RN6j 
»»; 
RN6 - 
!(SN6'CLK' U[OS'RST'RN6j»; 
06 
- 
!(SN6'U[RN6'06'RSTj»; 


SN7 
- 
/(CLK·RST·(/(SN7·(/{Q6·RST·RN7]»»; 


RN7 
- 
/(SN7·CLK· 
(/{Q6*RST·RN7] 
» 
i 


07 
- 
/(SN7*(/[RN7*Q7·RST]»; 


00 - 00; 
01 - 
01; 
02 - 
02; 
03 - 03; 
04 - 
04; 
05 - 
05; 
06 - 
06; 
07 - 07; 


CSNO- !(CLK'RST' U(CSNO' U[CONO'RST'CRNOj»» 
; 


CRNO 
- 
/(CSNO·CLK* 
(/[CQNO*RST*CRNO] 
» 
i 
COO - !(CSNO'CONO); 
CONO- !(CRNO'COO'RST); 


CSN1 - 
!(CONO'RST' U( CSN1' U[CON1'RST'CRN1J »»; 
CRN1 - 
!(CSN1'CONO' U{CON1'RST'CRN1j »; 
COl 
- !(CSNl'CONl); 
CONl - !(CRNl'COl*RST); 


CSN2 - 
!(CONl'RST' 
U(CSN2' U[CON2'RST'CRN2j »»; 


CRN2 - !(CSN2'CONl*U{CON2'RST'CRN2j»; 
C02 
- 
!(CSN2'CON2); 
CQN2 
- 
/(CRN2*CQ2*RST); 


·2 
D-TYPE 
FLIP 
FLOPS 
USED 
FOR 
PATTERN 
SEQUENCE 
DETECTION. 
Sequence to be detected 
is 
16 bits 
- SSM Hex. 
Whenthe pattern 
is 
detected, 
pin det2 will 
go high. 


In this 
example, 
both 
pattern 
1 and pattern 
2 are 
set 
to 
FF hex. 
To 
change the 
pattern 
to 
SSM, the STD file 
(P68 and P70) was edited 
using 
FTE. This was necessary 
because A!1AZE1.6 only allo ....s 40 internal 
labels, 
so 
it 
was not 
possible 
to 
reference 
the 
ONnodes of 
the 
shift 
register 
flip-flops 
.. 


PSNO 
- 
I(CON2*RST*(/(PSNO*(/[PATl*RST*PRNO]»»; 
PRNO 
- 
I(PSNO*CON2* 
(/(PATl*RST*PRNO]»; 
DETIN 
- 
(PSNO* 
/DETl); 


DETl 
- 
(PRNO*/DETIN*RST); 


PSNI 
- 
I(CQN2*RST* 
</( 
PSNl* 
(/[PAT2*DETl*RST*PRNl] 
»» 
i 
PRNI 
- 
I(PSNl*CON2*(/{PAT2*OETl*RST*PRNl]»; 
DET2N- 
(PSNl'/DET2); 
OET2 
- 
(PRNl*/DET2N*RST)i 


-------------------------------- 
Co1 for 


... 
1\ .•••.•.• 
, •.•... 
,., 
••••••••• 
,., 
.. 
, .1\ .• 
", 
H------------------------------- 
Co1 for 
P 68 


,.,., 
.....•.. 
, .....•..•....•.••••••..... 
A 
,1\ .. 1\ .. A .. 1\ .• A. 
,1\ .. 1\ .. 1\. 
-------------------------------- 
Co1 for 
P 69 
./It. ••••••••••.•.•..•.•.•••.••..••.••. 
/It.•••••. 
H--------------------------H---- 
Co1 for 
P 70 


.••.•••••.•.•..•.•••.••••••.•••••••. 
/It.•.••••.•.••• 
/It.•• 1\ •• /It.•. 1\ •. /It..• A •. /It.•. A. 


-------------------------------- 
Co1 for 
P 71 


-------------------------------- 
Co1 for 
P 67 
•.• 
/It........... 
. •.•• 
/It.••••. 
H------------------------------- 
Co1 for 
P 68 


.......•••• 
1\ ...•. 
A ...•. 
A 
A 
1\....... 
. .A. 
.1\ 
A 
A .. 
-------------------------------- 
Co1 for 
P 69 


.11. ••••••••••.•••••••••••.•.••••.••.• 
11. •••••••••.••••••.•.•••.•• 


H--------------------------H---- 
Co1 for 
P 70 


•••••••••••••• 
A •••.• 
/It.••.•• 
/It..••.• 
/It..• /It.•••••••••••••••••• 
/It.•••.• 
1\.•••• 
1\. 
-------------------------------- 
Co1 for 
P 71 


U.LHHHHHHHHHHHHHHHHHHHHH 
-------- 


LHLHHHHHHHHHHHHHHHHHHHHH 
-------- 


LLHHHHHHHHHHHHHHHHHHHHHH 
-------- 


HLLHHHHHHHHHHHHHHHHHHHHH 
-------- 


HHLHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
7 
L- 
HLHHHHHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
6 
W 


HLlJIHHHHHHHHHHHHHHHHHHHH 
-------- 


HHLHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
5 
L- 
HLHHHHHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
4 
H- 


HLLIIHHHHHHHHHHHHHHHHHHHH 
-------- 


HHLHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
3 
L- 


HLHHHHHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
2 
H- 


HLLHHHHHHHHHHHHHHHHHHHHH 
-------- 
HHUiHHHHHHHHHHHHHHHHHHHH 
-------- 
- BIT 
1 
L- 


HLHHHHHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
- BIT 
0 
H- 


HLHHHHHHHHHHHHHHHHHHHHHH 
-------- 
-END 
OF 
FIRST 
SEQ- 
HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
- BIT 
7 
H- 
HILHHHHHHHHHHHHHHHHHHHHH 
-------- 


HHLHHHHHHHHHHHHHHHHHHHHH 
-------- 
- BIT 
6 
L- 


HLHHHHHHHHHHHHHHHHHHHHHH 
-------- 
HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
5 
H- 


HLLIIHHHHHHHHHHHHHHHHHHHH 
-------- 


HHUlHHHHHHHHHHHHHHHHHHHH 
-------- 
- BIT 
of 
L- 


HLHHHHHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
3 
H- 


HLLHHHHHHHHHHHHHHHHHHHHH 
-------- 


HHLHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
2 
L- 


HLHHHHHHHHHHHHHHHHHHHHHH 
-------- 
HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
-BIT 
1 
H- 


HUJiHHHHHHHHHHHHHHHHHHHH 
-------- 


HHLHHHHHHHHHHHHHHHHHHHHH 
-------- 
- BIT 
0 
L- 


HLLHHHHHHHHHHHHHHHHHHHHH 
-END 
OF 
SECOND 
SEQ- 


HHLHHHHHHHHHHHHHHHHHHHHH 


LHHHHHHHHHHHHHHHHHHHHHHH 
- RESET- 
QUIT 


(--------INPUTS--------) 
( 
B,/B 
) 
(XOR 
) 
( /0,0) 
TRACETERMS 


222211111111111 
321098765432109876543210 
76543210 
76543210 
76543210 


000111111111111111111111 
HLHllLLL 
LllLLLLL 
LLLLHHHH 
010111111111111111111111 
HLHllLLL 
LllLLLLL 
LLLLHHHH 
001111111111111111111111 
HLHLLLLL 
LLLLLLLL 
LLLLHHHH 
100111111111111111111111 
HLHllLLL 
LllLLLLL 
LLLLHHHH 
110111111111111111111111 
HLHLLLLH 
LllLLLLL 
LLLLHHHH 
101111111111111111111111 
HLHLLLLH 
LllLLLLL 
LLLLHHHH 
111111111111111111111111 
HLHLLLHL 
ULLLLLH 
LLLLHHHH 
100111111111111111111111 
HLHILLHL 
LllLLLLH 
LLLLHHHH 


110111111111111111111111 
HLHILLHH 
LllLLLHL 
LLLLHHHH 


101111111111111111111111 
HLHILLHH 
LllLLLHL 
LLLLHHHH 


111111111111111111111111 
HLHLLHLL 
LLLLLHLH 
LLLLHHHH 


100111111111111111111111 
HLHLLHLL 
U.LLLHLH 
u.ILHHHH 


110111111111111111111111 
HLHLLHLH 
LLLLHLHL 
LLLLHHHH 
101111111111111111111111 
HLHLLHLH 
LLI.l..HLHL 
LLLLHHHH 


111111111111111111111111 
HLHLLHHL 
LLLHLHLH 
LLLLHHHH 
100111111111111111111111 
HLHLLHHL 
LLLHLHLH 
LLLLHHHH 


110111111111111111111111 
HLHLLHHH 
LLHLHLHL 
LLLLHHHH 
101111111111111111111111 
HLHtLHHH 
LLHLHLHL 
u.LLHHHH 
111111111111111111111111 
HLLHLLLL 
LHLHLHLH 
LLLLHHHH 


101111111111111111111111 
HLLHLLLL 
LHLHLHLH 
LLLLHHHH 


111111111111111111111111 
HllJULLH 
HLHLHLHH 
u..I..LHHHH 


100111111111111111111111 
HLLHLLLH 
HLHLHLHH 
LLLLHHHH 


110111111111111111111111 
HUJlUJU~ 
lJ{LHLHHL 
IllLHHHH 


101111111111111111111111 
HLLHLLHL 
LHLHLHHL 
LLLLHHHH 


111111111111111111111111 
HLLHLLHH 
HLHLHHLH 
LLLLHHHH 


100111111111111111111111 
HLLHLLHH 
HLHLHHLH 
LLLLHHHH 
110111111111111111111111 
HLLHLHLL 
LHLHHLHL 
LLLLHHHH 


101111111111111111111111 
HLLHLHLL 
LHLHHLHL 
LLLLHHHH 
111111111111111111111111 
HLLHLHLH 
HLHHLHLH 
LLLLHHHH 
100111111111111111111111 
HLLHLHLH 
HLHHLHLH 
LLLLHHHH 


110111111111111111111111 
HLLHLHHL 
LHHLHLHL 
LLLLHHHH 


101111111111111111111111 
HLLHLHHL 
LHHLHLHL 
LLLLHHHH 


111111111111111111111111 
HLLHLHHH 
HHLHLHLH 
LLLLHHHH 


100111111111111111111111 
HLLHLHHH 
HHLHLHUI 
LLLLHHHH 
110111111111111111111111 
LHHLLLLL 
HLHLHLHL 
LLLLHHHH 


100111111111111111111111 
LHHllLLL 
HLHLHLHL 
LLLLHHHH 
110111111111111111111111 
LHHLLLLH 
LHLHLHLL 
LLLLHHHH 
011111111111111111111111 
HLHllLLL 
LllLLLLL 
LLLLHHHH 


I/O 
CONTROLLINES 
DESIGNATEDI/O 
USAGE 
ACTUALI/O 
USAGE 


PINLIST .. 


14 
13 
12 
11 
10 
09 
07 
06 
05 
04 
03 
02 
01 
52 
51 
50 
49 
48 
47 
45 
44 
43 
42 
41 
18 
17 
16 
15 
40 
39 
38 
37 
36 
35 
33 
32 
31 
30 
29 
28 
27 26 25 24 23 22 21 19 


4-BIT 
SYNCHRONOUS 


COUNTER 
This counter 
produces 
a binary count 
on 


outputs Count3 - CountO. Note the required 
reset (RST) input to initialize all of the f1ip- 
flops. The inputs for each flip-flop were first 
determined 
by drawing the desired 
output 


waveforms. Next, Karnaugh maps were used 
to reduce the number of terms and determine 
the logic equations for the input to each flip- 
flop. This technique could be used to con- 
struct a counter whose outputs produce some 
count other than binary. 


The simulation only consists of a reset, fol- 
lowed by a number of clocks to count from 0 
through 15 and back to o. 


File 
Name , 
4BTCOUNT 
Date 
, 9/15/1987 
Time , 9,57,5 


U U U U U!! 
UU 
UI! 
I PIN 
LIS 
T IUUUIIIUIIUUUI 


Left 
Right 
LABEL .. FNC UPIN 
PIN"" 
FNC 
_. 
LABEL 
VCC 
.. +SV 
_. 
8-1 
1-46 .. +SV 
**VCC 
CLK 
.. I .. 
9-1 
1-45 .. I 
"N/C 
RST 
.. I .. 10-1 
1-44 .. I 
·-N/e 
N/C 
.. I .. ll-I 
P 
1-43 .. I 
"N/C 
N/C 
.. I .. 12-1 
L 
1-42 .. I 
··N/e 
N/C 
.. I .. 13-1 
H 
1-41 .. I 
"N/C 
N/C 
.. I 
H 
14-1 
S 
1-40 .. /0 
**N/C 


COUNTO 
.. 0 .. 15-1 
5 
1-39 .. /0 
'"·N/e 
COUNTl 
.. 0 .. 16-1 
0 
1-38 .. /0 
·*N/e 


COUNT2 
.. 0 .. 17-1 
1 
1-37 .. /0 
"N/C 


COUNT3 
.. 0 .. 18-1 
1-36 .. 0 
"N/C 
TC 
.. 0 .. 19-1 
1-35 .. 0 
"N/C 
GND 
.. OV .. 20-1 
1-34 .. OV 
··GND 


Bottom 
TOp 
LABEL .. FNC -·PIN 
PIN·· 
FNC .. 
LABEL 
N/C 
.. 0 .. 21-1 
1- 7 H 
I 
HN/C 
N/C 
.. 0 .. 22-1 
1- 6 .. I 
··N/e 
N/C 
.. 0 .. 23-1 
1- 5 .. I 
**N/C 
N/C 
.. /0 .. 24-1 
P 
1- 4 .. I 
··N/e 
N/C 
.. /0 .. 25-1 
L 
1- 3 .. I 
·-N/e 
N/C 
.. /0 .. 26-1 
H 
1- 2 .. I 
1t'/I'NjC 
N/C 
.. /0 .. 27-1 
s 
1- 1 .. I 
""N/e 
N/C 
.. 0 
H 
28-1 
5 
I-52 .. I 
**N/C 
N/C 
.. 0 .. 29-1 
0 
I-51 
H 
I 
**N/C 
N/C 
.. 0 .. 30-1 
1 
I-50 .. I 
"N/C 
N/C 
.. 0 .. 31-1 
1-49 .. I 
·-N/e 
N/C 
.. 0 .. 32-1 
1-48 H 
I 
--N/e 
N/C 
.. 0 .. 33-1 
1-47 .. I 
**N/C 


T80<401~ 


Figure 6.31 4-Bit Counter Pin List 


File 
Name 
: 
4BTCOUNT 
Date 
: 9/15/1987 
Time: 
9:57:28 


@DEVICE TYPE 
PL4S501 
@DRAWING 


@REVISION 
@DATE 
@SYMBOL 
@CO!".PANY 
@NA."'.E 


@DESCRIPTION 


@INTERNAL 
NODE 


datal ,data2, data3; 
esnO, ernO, eqO,eqnO; 
esnl, 
ernl, eql,eqnl; 
esn2, ern2, eq2 ,cqn2; 
csn3 ,ern3, cq3, cqn3 i 
@COlliON 
PRODUCT 
TER."1 


@I!O 
DIRECTION 
@I!O 
STEERING 


@LOGIC EOUATION 


DATAl 
- 
[CCOl-CONO'+CCONl-COO)]; 


DATA2 - 
[(COO-COl-CON2)+(CONO'C02'+(CONl-C02,j; 
DATA3 - 
[(CON2-C03 
)+(CONO-C03)+ 
CCOO-COl-C02-CON3 
)+(CONl-C03») 
; 


CSNO - 
!CCLK'RST'U(CSNO'U(CONO'RST-CRNOJ,),); 


CRNO - 
!CCSNO'CLK' 
U[CONO'RST-CRNOj),; 


COO 
- 
!CCSNO'CONO); 


CONO 
- 
I(CRNO*CQO*RST) 
i 


CSNI 
- 
I(CLK"'RST'" 
(/(CSNl* 
(/(DATAI*RST*CRNl] 
»)); 


CRNI 
- 
I(CSNl*CLK*(/{DATAl"'RST*CRNl]»; 
COI 
-! 
CCSNl'CONl) 
; 
CQNI 
- 
I(CRNI*CQl*RST); 


CSN2 
- 
!CCLK-RST' 
U(CSN2' 
U[DATA2-RST'CRN2j 
,»); 


CRN2 
- 
I(CSN2*CLK* 
(I [DATA2*RST*CRN21 
»; 
C02 
- 
!(CSN2-CON2); 
CON2 - 
!(CRN2-C02'RST); 


CSN3- 
!CCLK-RST- 
UCC,"3' 
U[DATA3'RST'CRN3j,),); 


CRN3 
- 
I(CSN3*CLK*(/[DATA3*RST*CRN3]»; 


C03 
- 
1(CSN3 
*CQN3 
) ; 
CON3 - 
!(CRN3-C03-RST); 


eountO-eqO; 
eountl-cql; 
count2-cq2; 
eount3-eq3 
; 


HHHHLLHHHHHHHHHHHHHHHHHH 
-------- 
-RESET 


M 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
- COUNTl 
- 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
- COUNT2- 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
-COUNT3· 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 
HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
- COUNT4 
• 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
- COUNTS· 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
---- 
---- 
·COUNT6· 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
• COUNT? 
• 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-_______ 
M COUNTS 
M 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
M COUNT9· 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 
HHHHHHHHHHHHHHHHHHHHHHHH 
M COUNT10 
M 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
·COtINTll- 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
·COUNT12· 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
- COUNTl3 
M 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
• COUNT14 
- 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
-------- 
·COUNTlS- 


HHHHHLHHHHHHHHHHHHHHHHHH 
-------- 


HHHHHHHHHHHHHHHHHHHHHHHH 
• COUNTO 
M 
QUIT 


PLHSSOI 
4BTCOUNT 
Time - 
16:57:51 
Date 
- 
9/14/1987 
<--------INPUTS--------) 
< 8,/8 
) 
< XOR 
) 
< /0,0) 
TRACE TERJ-1S 
222211111111111 
321098765432109876543210 
76543210 
76543210 
76543210 


111100111111111111111111 
LLLLLLLL 
LLLLLLLL 
LLLLHHHL 


111110111111111111111111 
LLLLLLLL 
LLLLLLLL 
LLLLHHHL 
111111111111111111111111 
LLLHLLLL 
LLLLLLLL 
LLLLHHHL 
111110111111111111111111 
LI.l...HULL 
LLLLLLlL 
llLLHHHL 
111111111111111111111111 
LLHI.LLLL 
ll.LLLLLL 
ULLHHHL 
111110111111111111111111 
LLHLLLLL 
LLLLLLLL 
LLLLHHHL 
111111111111111111111111 
LLHHLLLL 
LLLLLLLL 
LLLLHHHL 


111110111111111111111111 
U,HHLLLL 
LLLLLLLL 
LLLLHHHL 
111111111111111111111111 
LHLLLLLL 
LLLLLLLL 
LLLLHHHL 
111110111111111111111111 
LHLLLLLL 
LLLLLLLL 
LLLLHHHL 


111111111111111111111111 
LHLHLLLL 
LLLLLLLL 
LLLLHHHL 
111110111111111111111111 
LHLHLLLL 
U.LLLLLL 
LLLLHHHL 
111111111111111111111111 
LHHLLLLL 
LLLLLLLL 
LLLLHHHL 
111110111111111111111111 
LHHLLLLL 
LLLLLLLL 
LLLLHHHL 
111111111111111111111111 
LHHHLLLL 
LLLLLLLL 
LLLLHHHL 


111110111111111111111111 
LHHHLLIL 
LLLLLLLL 
LLLLHHHL 
111111111111111111111111 
HLLLLLLL 
LLLLLLLL 
LLLLHHHL 


111110111111111111111111 
HLLLLLll.. 
LLLLLLLL 
LLLLHHHL 
111111111111111111111111 
HLLHLLLL 
LLLLI..LLL 
LLLLHHHL 
111110111111111111111111 
HLLHLLLL 
LLLLLLLL 
LLLLHHHL 
111111111111111111111111 
HLHI.LLLL 
LLI.LLLLL 
LLLLHHHL 
111110111111111111111111 
HLHLLLLL 
LLLLI..l.LL 
LlLLHHHL 
111111111111111111111111 
HLHHLLLL 
LLLLLLLL 
LLLLHHHL 


111110111111111111111111 
HLHHLLLL 
LLLLLLLL 
LLLLHHHL 
111111111111111111111111 
HHLLLLLL 
LLLLLLLL 
LLLLHHHL 
111110111111111111111111 
HHLLLLLL = 
LLLLHHHL 


111111111111111111111111 
HHLHLLLL 
LLLLLLLL 
ULLHHHL 
111110111111111111111111 
HHLHLLLL 
LLLLLLLL 
LlLLHHHL 
111111111111111111111111 
HHHLLLLL 
LLLLLI..I.L 
LLLLHHHL 
111110111111111111111111 
HHHLLLLL = 
LLLLHHHL 
111111111111111111111111 
HHHHLLLL 
LLLLLLLL 
ILLLHHHH 
111110111111111111111111 
HHHHLLLL 
LLLLLLLL 
LLLLHHHH 
111111111111111111111111 
LLLLLLLL 
LLLLLLLL 
LLLLHHHL 


------------------------ 
I/O 
CONTROLLINES 
0ס0ooooo 
DESIGNATED 
I/O 
USAGE 
0ס0ooooo 
ACTUAL I/O 
USAGE 


PINLIST. 
14 13 
12 
11 
10 
09 
07 
06 
05 
04 
03 
02 
01 
52 
51 
50 49 48 
47 45 
44 43 42 41 
18 17 
16 
15 
40 
39 
38 
37 
36 
35 
33 
32 
31 
30 
29 
28 
27 
26 25 
24 
23 
22 
21 
19 


""."", 
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INTRODUCTION 
This 
document 
is written 
assuming 
the 


reader is familiar 
with Signetics 
PLHS501. 


As well, 
we shall 
assume 
familiarity 
with 


the 
predecessor 
document 
"Designing 


with 
PML" 
and 
some 
exposure 
to 


Signetics 
AMAZE 
software. 
The goal 
of 


this document 
(i.e., Vol. 2) is to expand 
on 


the original 
ideas and present 
some cook- 


book 
solutions 
to 
some 
useful 
design 


problems. 
Vol. 2 also reflects 
nearly a year 


of 
experience 
through 
the 
multitude 
of 


design-ins 
achieved 
with 
the 
PLHS501. 


In fact, 
several 
of the 
design 
solutions 


presented 
here were 
contributions 
from 
our customers 
through 
our field 
applica- 
tions 
organization. 
Designs 
we have en- 


countered 
fell into a couple 
of interesting 
categories. 
First, many users view the part 
as a natural step in eliminating 
extraneous 
board 
"glue" 
(10 or more 
chips) 
or elim- 
inating 
multiple 
programmable 
array logic 
devices 
(usually 
3 to 
5 
units). 
Others 


recognized 
the 
PLHS501 
capabilities 
of 
extremely 
wide 
logic 
functions 
and 
still 
others chose to invent their own solutions 
to standard 
bus interfaces. 
Commercially 
available 
bus 
interfaces 
often 
"miss 
the 


mark" and creative 
designers 
wish to im- 


plement 
exactly the functions 
they need in 


a concise, 
effective 
manner. 
To date, 
we 


have 
seen 
PLHS501 
interfaces 
to 
the 


VME Bus II, FAST Bus, NuBus, 
GPIB and 


the 
IBM 
Micro 
Channel 
for 
the 
PS/2 


system. 


Before 
presenting 
these 
solutions 
how- 


ever, it is appropriate 
to review 
the PML 


basics and expand 
on a number 
of issues 


which have been found to be important 
but 


which 
were previously 
treated 
lightly. 


Signetics 


PLHS501 
REVIEW 


The 
PLHS501 
is a 52-Pin, 
bipolar 
pro- 


grammable 
logic device 
with a very pow- 


erful architecture. 
Unlike classic 
AND/OR 


based 
architectures, 
its 
basic 
building 


block is the NAND function 
which 
is confi- 


gured 
in a foldback 
programming 
array. 


By cascading 
successive 
NAND functions 


through 
the array, both combinational 
and 


sequential 
structures 
may 
be obtained. 
The PLHS501 
has 24dedicated 
inputs, 16 


outputs 
(with several 
varieties) 
and eight 


bidirectional 
pins. 
The 
internal 
NANOs 


may be cascaded 
to any depth needed, 
to 


achieve 
effective 
solutions 
using 
logic 


structures 
such 
as muxes, 
decoders 
and 


flip-flops 
without 
going off chip and wast- 


ing I/O pins to achieve 
cascading. 
To use 


the 
PLHS501 
effectively, 
the 
designer 


should 
attempt 
to 
fold 
in function 
and 


I 
I 
I 


n 


NAND 
. 


TERMS 
I 


I 
I 
I 


8n. 
(MAXI r-. 
: 
i 
7~ 
~ 
~ 
L 
....! 
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remain 
within the chip as much as possi- 


ble before 
exiting. 


Figure 2-1 
shows the PLHS501 
architec- 
ture 
and illustrates 
several 
of the timing 


paths 
for internal 
signals 
to give the de- 


signer 
a feeling 
for maximum 
time delay 
within the part. These 
numbers 
are worst 
case maximums, 
regardless 
of switching 
directions, 
so the 
user 
may be assured 


that in general, 
the PLHS501 
will be faster 


than these 
numbers. 


The 
shorthand 
notation 
of 
Figure 
2-1 
hides something 
with which many design- 


ers have been impressed 
inthe PLHS501, 


the wide 
input 
NAND 
gates. 
Figure 
2-2 


shows 
just how wide the internal 
NANOs 


are, from a logical viewpoint. 
Each NAND 


can accommodate 
up to 32 external 
inputs 


and 72 internal 
inputs. 
Hence 
the part is 


ideal for wide decoding 
of 32-bit 
address 


and data 
busses. 
With 
72 copies 
of the 


wide 
NAND, 
the PLHS501 
is often 
com- 


pared against 
low-end 
gate arrays. While 


f1aUer4ing, this gives no usable 
method to 


determine 
the degree 
to which 
functions 


can 
be fit into 
the 
device. 
As a rule of 


thumb, 
the PLHS501 
can accommodate 


three 
or more 
PLA devices 
and 
usually 


four to five PAL® 
devices. 


For any particular 
design, 
the user should 


refer to Table 2-1 and evaluate 
hislherde- 


sign 
incrementally, 
tallying 
against 
a 72 


gate budget. 
This is a ballpark 
estimation 


against 
the NAND 
capacity 
of the core of 


the part. The clever designer 
will find addi- 


tional 
function 
by correctly 
exploiting 
the 


output 
logic. 


I 
! 


OOTPUT 
i 
INPUT 


TERMS 
BUFFERS 


I 
. 


= 
,I 
,<-0 


<'I--- 
-- 
.. 
OUTPUT 


BU~ERS 


~-•.. 
'< 
.- -,.:-- ----~ 


'1"" 
Xc - 7 
•.. 
'1' 


IIIIIIIIL 
_ 
-----. 


'°4_7 
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INTERNAL 


FUNcnON 
NAND 
COMMENTS 
EQUIVALENT 


Gales: 


NANOs 
1 
For 1 to 32 input variables 


ANOs 
1 
For 1 to 32 input variables 


NORs 
1 
For 1 to 32 input variables 


ORs 
1 
For 1 to 32 input variables 


Decoders 
3-to--8 
8 
Inverted inputs available 


4-to-16 
16 
Inverted inputs available 


5-to~2 
32 
Inverted inputs available (24 chip outputs 
only) 


Encoders 
!Ho~ 
15 
Inverted inputs, 2 logic levels 


16-to--4 
32 
Inverted inputs, 2 logic levels 


32-t0-5 
41 
Inverted inputs, 2 logic levels, factored 
solution. 


Multiplexers 
4-t0-1 
5 
Inverted inputs available 


8-to-1 
9 
Inverted inputs available 


16-10-1 
17 
Inverted inputs available 


27-10-1 
28 
Can address only 27 external inputs - more if 
internal 


Flip-Flops 
D-type Flip-Flop 
6 
With asynchronous S-R 


T-type Flip-Flop 
6 
With asynchronous S-R 


J-K-type 
Flip-Flop 
10 
With asynchronous S-R 


Transparent-O 
Latch 
4 
With asynchronous S-R 


S-R Latch 
2 
With asynchronous S-R 


Adders 
8-bit 
45 
Full carry-Iookahead 
(four levels of logic) 


Barrel Shlfters 


8-bit 
72 
2 levels of logic 


Signefics 


FLIP-FLOP 
BASICS 


Most 
designers 
view 
flip-flops 
as black 


boxes with data inputs and outputs 
as well 


as additional 
control 
inputs. 
Some 
flip- 


flops 
are designed 
as primitive 
transistor 


structures, 
but in the past, gate array de- 


signers 
used 
their 
elementary 
building 


block, the NAND gate, to make flip-flops. 
Because 
the 
PLHS501 
is also 
largely 


structured 
from 
NANDs, 
we 
can 
draw 
upon 
years 
of well known 
NAND-based 
flip-flop 
designs 
to readily implement 
flip- 


flops within the PLHS501 
. 


Figures 3-1,3-2,3-3 
and 3-4 give single 


sheet summaries 
of several 
flip-flop 
con- 


figurations. 
It should 
be 
noted 
that 
the 


transparent 
latch 
is 
recommended 
for 


data capturing, 
but not for state machines 
due to potential 
glitching. 
The edge trig- 


gered 
D-type 
is a convenient 
building 
block. Although 
external 
gates are saved 


with the J-K 
structure, 
it is at the expense 


of additional 
NANDs 
within 
the J-K 
flip- 


flop itse~. 


Notation 
The delay 
of a NAND 
gate 
is most often 


designated 
as tPLHor tpHL, indicating 
that 


the 
gate 
output 
makes 
a High-to-Low 


(tpHLl or Low-te-High 
(tpLH)transition. 
For 


the flip-flops' 
transition, 
the High-to-Low 


ID is DO and the Low-te-High 
ID is D1. 


This 
also 
holds 
true 
for 
structures 
fully 


contained 
within 
the 
fold back 
core, 
be- 


cause 
input 
and output 
time 
delays 
will 
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differ and change the performance. 
Know- 
ing the basic concepts, 
the designer 
can 
expand 
these 
structures 
to 
include 
VO 


pins 
and 
generate 
flip-flops 
wrapped 
around 
the part - but, he must derate 
his 


parameters 
accordingly 
to 
reflect 
the 


slower 
paths. 


Because 
it will be lengthy 
to explain 
all of 
the flip-flop 
configurations 
given, 
we will 
show only one in some detail. 
The inter- 
ested reader can verify the rest by manual 


analysis 
or by digital simulation. 
The Table 
3-1 
gives the typical 
and worst case val- 
ues for an internal 
foldback 
NAND gate. 


The 
single 
D-Iatch 
with 
enable 
Active- 


HIGH 
can 
be described 
in terms 
of the 
propagation 
delay formula 
given in Figure 
3-1. 
For instance, 
the first propagation 
is 
for D to 0, where the 0 output transitions 


from High-to-Low 
(i.e., tpoo). To do this, 
assumeO 
is high sothe/Oterm 
is Low. To 
switch 
the state, /0 
must be flipped 
first. 


Hence, the logic variable 
enters 
G2, then 
passes 
through 
G7, 
G4 and finally 
G3. 


This 
presents 
four transitions, 
two 
from 


Low-te-High 
(G2 and 
G4 outputs) 
and 
two from 
High-Ie-Low 
(G1 and G3 out- 


puts). 
Hence, 
the 
formula 
reflects 
2(d1&dO) 
which, 
using 
Table 3-1, 
gives 


2(8+6.5)=29ns. 


This is the worst case value, using typicals 


will give a value of 2(5.5+6.5)=24ns. 


Switching 
in the other 
direction 
is a little 
different. 
Assuming 
tpo, goes from 0=0 
to 


INPUT 
D 
OUTPUT 


PARAMETER 
LIMITS 


SYMBOL 
TO 
FROM 
Min 
UNIT 
(OUTPUT) 
(INPUT) 
Max 


lpHL 


ANY 


5.5 
6.5 


lpLH 
6.5 
8.0 
ns 


0=1, 
the 
/0 
signal 
must 
be 
initially 
1. 


Hence, G3 is armed for immediate 
transi- 


tion. Hence, 
the time delay 
is simply 
tra- 


versing 
G2 and G3. One of them 
will go 
High-te-Low 
(G2) and the other Low-te- 


High (G3). The formula 
reflects the sum of 


thetwotransitions:tpDl 
=d1+dO. 
From the 
table, this is 14.5ns 
(worst case) or 12ns 
(typical). 
The rest of the formula 
must be 
similarly 
analyzed, 
but 
the 
method 
is 
straightforward. 


Flip-Flop Merging 
Figure 
3-5(A) 
shows 
the 
positive 
edge 
triggered 
D flip-flop 
structure. 
By putting 
a two-level 
AND/OR 
structure 
in front of 


the 
data 
input, 
the 
0 
flip-flop 
can 
be 


steered 
from state to state. 


Figure 3-5(B) 
shows 
such an input struc- 


ture realized 
from a twe-Ievel 
NAND gate 


section. 


Figure 
3-5(C) 
shows 
this 
"AND-OR" 


structure 
rolled inside of the flip-flop. 
The 
gating 
was 
merged 
with the flip-flop 
in- 


wards 
to make 
a fasler, 
composite 
func- 


tion. Whereas 
this may appear 
as a trick 


to the uninitiated, 
this degree 
of flexibility 
allowed 
gate array designers 
to merge 
a 


multitude 
of logic into a fixed foundation. 


For highest 
efficiency, 
similar 
thinking 
al- 


lows the designer 
to break 
up decoders 


and multiplexers 
into their building 
blocks 


and generate 
only the pieces 
needed. 
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2(0) -l 
r- 3(0) 


1 (E) ~~ 
~4(0) 


NOTE, 
This part is functionalty 
simlat 
to the 7475. 


2(D)~2 
1 (E) 
G3 
3(0) 


G1 
G4 
4(0) 


OPERATING 
MOOE 
E 
0 
0 
0 


1 
0 
0 
1 


DATA ENABLED 


1 
1 
1 
0 


DATA LATCHED 
0 
X 
0 
0 


n-1 
0-1 


NOTES, 
5. 
When 
input 
Enci>le 
(E) is High, 
data 
enters 
the latch at -0" and appears 
at outputs "a" 


and '-0-; the -0" 
output 
follows 
the data as 
long as E is High. One setup time before 
the 
High-to-law 
transition 
of E. 0 is stored 
in 


the latch; the latched 
outputs 
remain 
stable 


as long as E is Low. 


6. 
0n_1 
- slate 
before 
High-to-Low 
transition 


of E. 
7. 
X. 
don't care. 


FROM 
TO 
FORMULAS 


D 
a 
lpDO - dt .•.dO x 2 


IpDl - dl.dO 


0 
0 
'PDQ - dl .•.2XdO 


IpDt 
- 2xdl 
.•. dO 


E 
a 
tpoo. 
d1 .•.2XdO 


tpOt 
- d1+dO 


E 
0 
lPOO - d1 .•.2XdO 


lPO' 
- d1+dO 


SETUP 
TIME 
_d1.2XdO 


HOLD 
TIME 
_0 


ENABLE 
PULSE 
- E TO atpDO 


PARAMETER 
FROM 
TO 
DELAYln 
n. 


IpDO~ 
0 
a 
0 
0 


E 
a 


E 
0 


1p01~ 
0 
a 
0 
0 


E 
a 


E 
0 


o (SETUP 
TIME) 


o (HOLD 
TIME) 


ENABLE 
PULSE 
WIDTH 
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2(O)=r 


3 (C) 
CP 


NOTE: 
This part 
is functionally 
similar 
10 the 74lS74. 


~S(Q) 


o 
6 (0) 


C 
0 
On+l 
°n+l 


"- 


0 
0 
1 


"- 


I 
1 
0 


NOTES: 
1. 
Data 
is transferred 
10 the outputs 
on the 
negativ9-iJoing 
edge 
of the clock. 


2. 
On.•1 - state aher High-to-low trans~ion 
olC. 


FROM 
TO 
FORMULAS 


C 
a 
lpO - 2xd 1.dO 


tpDO - 2xd 1.2XdO 


C 
0 


tpD1 
- 2Xd1.dO 


lPOO 
- 2 (d 1.• dO) 


D (SETUP 
TIME) 
- ISL2 dO 


D (HOLD 
TIME) 
-1S11 
d1+dO 


CLOCK 
PULSE 
WIDTH 
_ 2xdO.d1 


PARAMETER 
fllOll 
TO 
DELAY in na 


tPllO~ 
C 
a 


c 
0 


IpO'f 
c 
a 


c 
0 


D (SETUP 
TIME) 
ns MtN 
o (HOLD 
TIME) 
ns MIN 


ENABLE 
PULSE 
WIDTH 
ns MIN 
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Voo 


2(01=0=0 
5(0) 


1 (e) 
CP 
R 
0 
6(01 


NOTE: 
This 
part is functionally 
similar 
to the 74lS74. 


C 
0 
°n+l 
On+l 
'- 


0 
0 
1 
'- 
, 
, 
0 
'- 


0 
0 
1 


'- 


1 
, 
0 


NOTES: 
1. 
Data 
is transferred 
to the outputs 
on the 


negalivtrgoing 
edge 
of the clock; 
reset 


-R" (Adlve-lOW) 
is asynchronous 
and 


independent 
of 


2. 
an+ 1 '" stale 
after 
High-to-lOlN 
transition 
olC. 


3. 
X '" don' care. 


FROM 
TO 
FORMULAS 


C 
a 


tpOl 
'" 2d1+dO 


'PDo 
• 2(d' 
+dO) 


C 
tl 


lPO 
1 '" 2d 1+dO 


IpDt 
'"2(dl+dO) 


R 
a 
tpDC'" 
d1+dO 


R 
tl 
'PD" 
d' 


D (SETUP 
TIME) 
• dO 


D (HOLD 
TIME) 
• 
d1 .•. dO 


CL WIDTH 
(HIGH) 
_dl 
.•.2dO 


RESET 
WIDTH 
(LOW) 
R->O 


PARAMETER 
FROM 
TO 
OEUYinna 


tpOl f 
C 
a 
C 
0 
R 
0 


tPoo~ 
C 
tl 
C 
tl 
R 
tl 


D (SETUP 
TIME) 
ns Min 


D (HOLD 
TIME) 
ns Min 


MINIMUM 
ns 
CLOCK 
WIDTH 


MINIMUM 
ns 
R WIDTH 
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$ 


0 


CP 


K 
ROO 


4flO 
5(0) 
2 
J 
1 
CP 


3 
K 
5 
R 
a 
7(0) 


NOTE: 
This 
part 
is functionally 
similar 
to the 74lS109. 


FROM 
TO 
FORMULAS 


C 
0,0 
tpDO 
- 3d0+2d 
1 


lpDt 
- 3(d1+~) 


S 
a 
IP01-d1 


R 
a 
IpDt 
- d1 


tfe_D 


S 
0 
lpDD. d1.dO 


nC.1 


R 
a 
'PD~ 
- 2(dl+dO) 


J-K 
SETUP 
TIME 
0 


J-K 
HOLD 
TIME 
.dO 


PULSE 
WIDTH C (MIN) 
- dl 
+ dO 


S.R (MIN) 
_(dl.dO) 


PARAMETER 
FROM 
TO 
DELAY In na 


C 
asa 


IpDO~ 
S 
0 


S 
a 


R 
a 


R 
0 


IpO'f 
C 
aso 


S 
a 


R 
0 


J-K 
SETlJP 
TIME 
0 


J-K 
HOLD 
TIME 
2Min 


MINIMUM 
20 
PULSE 
WIDTH 


MINIMUM 
PULSE 
16 
WIDTH 
SsR 
(LOW) 


C 
J 
K 
S 
R 
°n+1 
On+1 
U 
0 
0 
, 
1 
an 
On 


U 
1 
0 
1 
1 
, 
0 


U 
0 
1 
1 
1 
0 
1 
U 
1 
1 
1 
1 
a 
0 


C 
J 
K 
S 
R 
a 
0 


x 
x 
X 
, 
0 
0 
, 


x 
x 
x 
0 
1 
1 
0 


NOTES: 
1. 
Masler/'Slave 
data 
is pulsEHTiggered 
and 
enters the J-K flip-flop when the dock (e) 
goes 
LOYi; 
the entered 
data 
is transferred 


to the outputs 
on the positive 
going 
edge 
of ·C. Set (S) and 
Reset 
(R) inputs ate 
asynchronous. 
independent 
signals 
and. 


when 
either 
is Activ&-lOW, 
the J-K 
and C 
inputs 
are overlidden. 


2. 
Qrl+ 1 • next slate 01 Q. 


3. 
X _ don' 
care. 
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CLOCK 


RESETn 


Signetics 


VME Bus EXAMPLES 


Omnlbyte 
VSBC20 
Mailbox 


Interrupt 
Structure 


One 
of the 
more 
popular 
uses 
for 
the 


PLHS501 
is interfacing 
with 32-bit 
micro- 


processors. 
This section 
illustrates 
some 


of the ways 
the part has been 
used with 


the 
popular 
VME 
Bus. 
The 
Omnibyte 


Corporation 
manufactures 
many 
VME 


Bus products 
(as well as others) 
and was 


kind enough 
to release 
a portion 
of their 


VSBC20 
board 
design 
as an example 
of 


using the PLHS501 
in a very flexible, 
user 


configurable 
interrupt 
generation 
device. 


The 
VSBC20 
employs 
two 
PLHS501 


parts, as shown in Figure 4-1. One device 
is used largely as an address 
decoder, 
the 


other, which is the object of this Section, 
is 


the configurable 
interrupt 
generator. 
The 


target 
microprocessor 
here 
is a 25MHz 


68020 and the application 
is interrupt 
gen- 


eration. 
The explanation 
is in the words of 


Glenn 
Case, the designer: 


"Following 
the design 
philosophy 
of giving 


the user as much flexibility 
as possible, 
the 


local interrupt 
structure 
of the VSBC20 
is 
implemented 
in a PLD. It is impossible 
to 


"optimize" 
the 
assignment 
of 
the 
local 


interrupts 
to the interrupt 
levels of the pro- 


cessor 
since they are application 
specific. 


One system 
may want the Serial 
I/O and 


Parallel 
I/O to have higher 
levels than the 


Omnimodule 
Interrupts 
while yet another, 


PLHS501 
Application Notes 


Vol" 2 


using a SCSI Omnimodule, 
may want it to 
have 
higher 
level 
interrupts. 
Arbitrarily 
assigning 
and 
hard 
wiring 
these 
levels 


would 
unnecessarily 
constrain 
the use of 
the VSBC20 
for any given application. 
By 
using the Signetics 
PLHS501, 
the entire 
logic to implement 
the interrupt 
structure 
fits 
into 
one 
PLD. 
Furthermore, 
the 
AMAZE 
software 
to program 
the part is 


available 
free 
from 
Signetics. 
The 
PLHS501 
can be reprogrammed 
until the 
unused 
feedback 
gates 
are all used. So, 
the 
user 
can 
get the 
software 
free 
and 
change 
the 
interrupt 
levels 
a couple 
of 
times 
before 
having 
to 
replace 
the 


PLHS501 
with a new part. This appendix 
describes 
how the PLHS501 
is used and 
how to change 
the interrupt 
levels. 


There 
are a total of 17 possible 
interrupt 


sources 
to the processor 
on the VSBC20. 
There 
are up to seven 
possible 
VMEbus 
interrupts, 
nine possible 
local 
interrupts, 


and 
a 
Front 
Panel 
Non-Maskable 
interrupt. 
The 
local 
interrupts 
include: 


ACFAIL", 
SYSFAIL", 
parity error, mailbox 


interrupt, 
two Omnimodule 
interrupts, 
24 


bit timer 
interrupt, 
Parallel 
I/O, and Serial 
I/O 
interrupts. 
Although 
ACFAIL", 
SYSFAIL" 
and 
mailbox 
interrupts 
are 


generated 
by VMEbus, 
they are referred 
to as local interrupts 
because 
they are ac- 


knowledged 
locally. 
That is, no VMEbus 
lACK 
cycle 
takes 
place. 
The 
local 


interrupts 
are 
latched 
during 
an 
lACK 


EXAMPLE 
1: 


Put the P1 0 interrupt 
in level 4 and the Omnimodule 
0 interring 
on level 2. 


LIRQ4 
= 
/LIRQPIO; 
1-> 


LIRQ2 
= 
/LIRQOOM; 
1-> 
change 
these 


IACKOOM 
= 
/(/LIRQOM*/A3*A2*/Al*//IACK*/BAS); 
<-I 
equations 
to 


IACKPIIO 
= 
/(/LIRQPIO*A3*/A2*/Al*/IACK*/BAS); 
<-I 


cycle to '1reeze" the state of the interrupts. 
This allows the correct 
acknowledgement 
of the interrupts. 
The ACFAIL *, SYSFAIL* 


and Front Panel Non-Maskable 
Interrupt 


are assigned 
to Level 7. The Front Panel 
NMI has the highest 
priority 
followed 
by 


ACFAIL *, parity error, and SYSFAIL". 
The 


front Panel 
interrupt 
is acknowledged 
by 


an autovector 
while the other three gener- 


ate a vector that is encoded 
as described 
in the 
Error 
Interrupt 
Vector 
CSR. 
The 


local interrupts 
for the mailbox 
interrupt, 


Omnimodule 
Interrupt 
0, 
Omnimodule 


Interrupt 
1, 24 bit timer 
interrupt, 
Parallel 


I/O Interrupt, 
and Serial 
I/O Interrupt 
have 


been assigned 
by the usertothe 
level best 


suited for the user's application. 
The mail- 


box interrupt 
uses the auto vector 
while 


the others 
provide 
interrupt 
acknowledge 


vectors. 
However, 
these 
may 
also 
be 


changed 
to generate 
autovectors. 
For ex- 


ample, 
if a unique 
Omnimodule 
is de- 


signed by the user and there is not enough 
room to provide 
an interrupt 
vector on the 


module, 
the PLD can be changed 
to issue 


an autovector 
instead 
of generating 
an 


lACK 
cycle to the Omnimodule. 
It is also 


possible 
to have two interrupts 
share the 


same level, although 
this seems unneces- 
sary, 
since 
there 
are 
enough 
available 


interrupt 
levels. 


The 
following 
examples 
illustrate 
how 


easy 
it is to change 
the 
local 
interrupt 


levels." 


EXAMPLE 
2: 


Make both the Omnimodule 
Interrupt 
Autovectored 
instead 
of bus-vectored. 
(L1TRQOOM uses level 4 and L1RQIOM 
uses level 5.) 


AUTOVECTOR 
!/FPNMIRQ*A3*A2*Al*/IACK*/BAS*RESET] 


+ 
!/LIRQMBOX*A2*A2*/Al*/IACK*/BAS*RESET] 


+ 
!/LIRQOOM*A3*/A2*/Al*/IACK*/BAS*RESET] 
<-- 
ADD 


+ 
[/LIRQIOM*A3*/A2*Al*/IACK*/BAS*RESET] 
<-- 
ADD 
+ 
[autovector* 
/BAS*RESET]; 
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PlHS501 
1.8 " 
10 
BlJ 
37 
AS 
1.10 
.2 
11 
lIT 
38 
A. 
1.11 
43 
12 
lI% 
38 
1.7 
1.12 •• 
13 
II! 
40 
AS 
1.13 
.5 
14 
B4 
15 
ROUSZll 
1.1' 
• 7 
15 
B5 
I• 
ROUSZl 
1.15 
48 
16 
B6 
17 
CPUSPACE" 
AI. 
• 8 
17 
B7 ,. 
EAG' 
1.17 
50 
18 
00 
1& Nle 
1.1. 
51 
18 
01 
21 
CS68XXX 
1.18 
52 
110 
02 
22 
lACK 
1.20 
1 
111 
03 
23 
IOSPACE 
1.21 
2 
112 
ll{ 
2. 
CSFPC' 
1.22 
3 
113 
os 
25 
CSCSR* 
1.23 
• 
114 
os 
2. 
CS6823O' 


1.24 
5 
115 
07 
27 
CS68881" 
1.25 
• 
11. 
XO 
28 
CSROM' 
1.26 
7 
117 
Xl 
28 
CSlOMOOUlE" 
1.27 
8 
11. 
X2 
30 
IOSPACE' 
1.28 
10 
118 
X3 
31 
OFFBRO' 
A28 
11 
120 
X4 
32 
CSMBX' 
1.30 
12 
121 
X5 
33 
CSBBlTTO 
1.31 
13 
122 
X. 
35 
CSCSROAMIlX' 
I 


123 
X7 
36 HlC 


Ull 


STROBE" 


ADDRESS DECOOER 


2SMHzClOCK 


I 


ADDRESS 
A31-AO 


PlHS501 


lACK 
41 
10 
BlJ 
37 
FPNMlRO' 
BAS' 
42 
11 
lIT ~ 
1.3 
43 
12 
112 ~ 
68020 
1.2 
•• 
13 
II! 
40 
IACKF' 
1.1 
45 
14 
B4 
15 
BRDFAll' 


MASK BITS { 


PERRM 
47 
15 
B5 ,. 
RESEr 
RESET 
SYSFW 
48 
I. 
B6 
17 
FPNMlIN' 
ACFM 
48 
17 
B7 ,. 
V1RQr 
~ 
18 
00 ~ 
lSYSFAll' 
51 
18 
01 ~ 
lACFAll' 
52 
110 
02 
22 
DSACKO' 
o=K1l 
UROPE' 
1 
111 
03 
23 
IACKMBX· 
llROMBX' 
2 
112 
ll{ 
24 
IACKOOM' 
mo·~~l 


L1RQ1OU* 
3 
113 
os 
25 
IACK10M' 
HED INTERRUPTS 
llROOOU' 
4 
114 
tl6 
26 
IACKTMA' 
llROTMR' 
5 
115 
07 
27 
IACKPIO' 


L1ROPlO· 
• 
11. 
xo 
28 
024 
024 
L1R~O· 
7 
117 
Xl 
28 
025 
025 
VIRO,. 
8 
11. 
X2 
30 
IACKSlO· 


VIR02° 
10 
118 
X3 
31 
OFFBROIACKo 
VIR03' 
11 
120 
X4 
32 
AUTOVEC' 
:AVEC 
'-'-'~l 


VIRQ4° 
12 
121 
X5 
33 
IPlO' 
TPlll 
INTERRUPTS 
VIROS' 
13 
122 
X. 
35 
IPL.,· 
JI'[f 
VIROO' 
14 
123 
X7 
36 
IPl2° 
TPa 
U. 


VIRar 
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File 
Name 
: 
vsbc20is 


Date 
9/13/1988 


Time 
: 
9:4:2 


NNNNNNNNIINNNNINNNNNI 
P I N 
L I S T 
IIIIIIIINNNNINNNNNINI 


Left 
Right 
LABEL 
FNC 
**PIN 
PIN** 
FNC 
LABEL 
VCC 
+5V 
8-1 
1-46 
+5V 
**VCC 
VIRQl 
I 
9-1 
1-45 
I 
**Al 
VIRQ2 
I 
10-1 
1-44 
I 
**A2 
VIRQ3 
I 
ll-I 
P 
1-43 
I 
**A3 
VIRQ4 
I 
12-1 
L 
1-42 
I 
**BAS 
VIRQ5 
I 
13-1 
H 
1-41 
I 
**IACK 
VIRQ6 
I 
14-1 
S 
1-40 
/0 
**IACKF 
BRDFAIL 
I 
15-1 
5 
1-39 
/0 
**N/C 
RESET 
I 
16- I 
0 
1-38 
/0 
**N/C 


FPNMIIN 
I 
17-1 
1 
1-37 
/0 
**N/C 
VIRQ7 
I 
18-1 
1-36 
0 
**IPL2 
N/C 
0 
19-1 
1-35 
0 
* * IPLl 
GND 
ov 
20-1 
1-34 
/0 
**GND 


Bottom 
Top 
LABEL 
FNC * *p IN 
PIN** 
FNC 
LABEL 
N/C 
0 
21-1 
1- 7 
I 
**LIRQSIO 
DSACKO 
0 
22-1 
1- 6 
I 
**LIRQPIO 
N/C 
0 
23-1 
I- S 
I 
**LIRQTMR 
IACKOOM 
/0 
24-1 
P 
1- 4 
I 
**LIRQOOM 
IACKI0M 
/0 
25-1 
L 
1- 3 
I 
**LIRQIOM 


IACKTMR 
/0 
26- I 
H 
1- 2 
I 
**LIRQMBX 


IACKPIO 
/0 
27-1 
S 
I- I 
I 
**LIRQPE 
D24 
0 
28-1 
5 
I-52 
I 
**LACFAIL 
D25 
0 
29-1 
0 
I-51 
I 
**LSYSFAIL 
IACKSIO 
0 
30-1 
1 
I-50 
I 
**N/C 
OFFBRDIACK 
0 
31-1 
1-49 
I 
**ACFM 
AUTOVEC 
0 
32-1 
1-48 
I 
**SYSFM 
IPLO 
0 
33-1 
1-47 
I 
**PRRM 


Figure 4-2. 
PLHS501 Pinlist for VSBC20 Interrupt Structure 


@DEVICE 
TYPE 
PLHS501 
@ORAWING 
1155 
@REVISION 
A 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@INTERNAL 
NODE 
LIRQ7 
ALLIRQ7 
AHIACKF 


OMNIBYTE 
CORP. 


GLENN CASE 
VSBC20 
INTERRUPT 
STRUCTURE 
PLO 


@COMMON 
LIRQ6 
LIRQ5 
LIRQ4 
LIRQ3 
LIRQ2 
LIRQl 


PRODUCT 
TERM 
/LIRQMBX; 
/LIRQI0M; 
ILIRQOOM; 
ILIRQTMR; 
ILIRQPIO; 
ILIRQSIO; 


@I/O 
DIRECTION 


DB4 
0; 


DBS 
0; 


DB6 
0; 


DB7 
0; 
XEO 
/IACKF; 
XE1 
1; 


XE2 
1; 
XE3 
1; 


OE1 
/IACKF; 


OE2 
1; 


OE3 
1; 


LIRQ7 
[/LACFAIL' 
ACFM) 


+ 
[/LYSFAIL 
• SYSFM 
• BRDFAIL] 
+ 
[/LIRQPE • PERRM]; 


ALLIRQ7 
II/I/LACFAIL' 
ACFM] 
+ I[/LSYSFAIL 
• SYSFM 
• BRDFAIL] 


+ I[/LIRQPE 
• PERRM]]; 


[IFPNMIIN 


+ 
[AHFPNMIRQ 


+ 
[AHFPNMIRQ 


+ 
[AHFPNMIRQ 


+ 
[AHFPNMIRQ 


+ 
[AHFPNMIRQ 


+ 
[AHFPNMIRQ 


*/IACK 
* 


*/IACK 
* 
*IACK 
* 
'IACK • 


*IACK 
* 
*IACK 
* 


.•.lACK 
* 


RESET] 
RESET] 
BAS' 
RESET] 


IBAS • IA1 
• RESET] 
IBAS • IA2 
• RESET] 
IBAS • IA3 
• RESET] 
/BAS 
.•.A3 
.•.A2 
* 
Al 


IPLO, 
XR1~ 
IVIRQ7 
LIRQ7 


+ 
IFPNMIRQ 


+ ILIRQ7 
• ILIRQ6 
• VIRQ7 
• VIRQ6 
• LIRQS 


+ ILIRQ7 
* 
ILIRQ6 
• VIRQ7 
• VIRQ6 
• IVIRQS 
+ 
ILIRQ7 
• ILIRQ6 
• ILIRQS 
• ILIRQ4 
• VIRQ7 
• VIRQ6 
• VIRQS 
• VIRQ4 
• LIRQ3 


+ 
ILIRQ7 
• ILIRQ6 
* 
ILIRQS 
• ILIRQ4 
• VIRQ7 
• VIRQ6 
• VIRQS 
* VIRQ4 
• 
IVIRQ3 


+ 
ILIRQ7 
• ILIRQ6 
• ILIRQS • ILIRQ4 
• ILIRQ3 
• ILIRQ2 
• VIRQ7 
• VIRQ6 
• VIRQS 
• VIRQ4 
• 


IPL1, XR1 
IVIRQ7 
LIRQ7 
+ IFPNMIRQ 


+ 
ILIRQ7 
• VIRQ7 
• LIRQ6 
+ ILIRQ7 
• VIRQ7 
• IVIRQ6 


+ ILIRQ7 
• ILIRQ6 
• ILIRQS 
• ILIRQ4 
• VIRQ7 
• VIRQ6 
• VIRQS 
• VIRQ4 
• LIRQ3 
+ ILIRQ7 
• ILIRQ6 
• ILIRQS 
• ILIRQ4 
• VIRQ7 
• VIRQ6 
• VIRQS 
• VIRQ4 
• IVIRQ3 
+ ILIRQ7 
• ILIRQ6 
• ILIRQS 
• ILIRQ4 
• ILIRQ3 • VIRQ7 
• VIRQ6 
• VIRQS 
• VIRQ4 
• IVIRQ3 


* 
LIRQ2 


+ ILIRQ7 
• ILIRQ6 
• ILIRQS 
• ILIRQ4 
• ILIRQ3 • VIRQ7 
* VIRQ6 
• VIRQS 
• VIRQ4 
• IVIRQ3 
• IVIRQ2; 
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lLP2: XRI 
IVIRQ7 
LlRQ7 
+ IFPNMlRQ 
+ ILlRQ7 
• 
VlRQ7 . 
LlRQ6 


+ ILlRQ7 
• 
VlRQ7 
• IVlRQ6 


+ ILlRQ7 
* 
ILlRQ6 * 
VlRQ7 
* VlRQ6 * LlRQ5 
+ ILlRQ7 
* 
ILlRQ6 * 
VIRQ7 
* 
VIRQ6 
'* IVlRQ5 


+ ILlRQ7 
* 
ILlRQ6 * 
ILlRQ5 * VlRQ7 
"* 
VIRQ6 
'* VlRQ5 * LlRQ4 


+ ILlRQ7 
* 
ILlRQ6 * 
ILlRQ5 * VlRQ7 
* 
VIRQ6 
* 
VlRQ5 * 
IVlRQ4; 


lACKF 
IlIA3 * A2 * Al * FPNMlRQ 
* 
ILACFAlL 
* 
lACK' 
IBAS) 
+ 
[A3 * A2 * Al * FPNMlRQ 
* 
ILSYSFAlL 
* 
lACK * 
IBAS] 
+ 
IA3 * A2 * Al * FPNMlRQ 
* 
ILlRQPE 
* 
lACK * 
IBAS]); 


OFFBRDlACK: 
XRI 
ILlRQ7 * 
A3 * 
A2 * 
Al * 
lACK 
.• IBAS * FPNMIHQ 
* 
IAUTOVECTOR 


+ ILIRQ6 * 
A3 * 
A2 * 
IAI * 
lACK * 
IBAS 
+ ILIRQ5 * 
A3 * 
IA2 
* 
Al . lACK 
* 
IBAS 


+ ILlRQ4 * 
A3 * 
IA2 
* 
IAI * 
lACK * 
IBAS 


+ ILlRQ3 . IA3 
* 
A2 * 
Al * 
lACK * 
IBAS 


+ ILIRQ2 * 
IA3 
* 
A2 . IAI * 
lACK * 
IBAS 
+ ILlRQI * 
IA3 
* 
IA2 
* 
Al * 
lACK . IBAS; 


AUTOVECTOR 
I/FPNMlRQ * A3 • A2 * 
Al * 
lACK * 
IBAS * RESET] 
+ 
IILIRQMBX 
• A3 • A2 • IAI 
• lACK' 
IBAS * 
RESET] 


+ 
I AUTOVECTOR 
• IBAS • RESET]; 


ILACFAlL 
* ACFM 
LlRQPE 
PERRM 
• ILSYSFAlL * SYSFM 


IPERRM 
• ILSYSFAlL 
* SYSFM; 


XR2 ~ 1; 


lACKI0M 
I (/LlRQI0M * 
A3 * 
IA2 
* 
Al * 
lACK * 
IBAS) ; 


lACKOOM 
I (/LIRQOOM 
• 
A3 * 
IA2 
* 
IAI 
* 
lACK . IBAS) ; 


lACKTMR 
I (/LlRQTMR 
• IA3 . 
A2 . Al * 
lACK 
* 
IBAS) ; 


lACKPlO 
I (/LIRQPlO * 
IA3 
* 
A2 * 
IAI 
* 
lACK 
.•..IBAS); 


lACKSIO 
I (/LlRQSIO * 
IA3 . IA2 
* 
Al * 
lACK * 
IBAS) ; 
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VME Bus EPROM 
Interface 
The idea lor this VMEbus EPROM board came 
from WIRELESS 
WORLD CIRCUIT IDEAS, 
January, 1988. The implementation was done 
by a Philips' FAE, John McNally. 


The board contains two banks 01 EPROMs. 
Each bank consists of either two 27128s or two 
27256s; each of which can be enabled by com- 
paring 
the 
address 
location 
fo the 
board. 
Decoding 
three 
other 
address 
bits selects 
which 01the banks is accessed. A 4-bit shift 
register combined with lour jumpers provide 
wait states. 


The circuit drawing was entered onto a PC 
using FutureNet DASH, a schematic capture 
package (Figures 4-4, 4-6, and ~). 
It was 
then 
converted 
to 
logic 
equations 
using 
AMAZE (Figure 4-9) and then assembled into 
a PLHS501. 


This application, which needs eight ICs, used 
lorty-four 
01the available seventy-two 
NAND 
Foldback Terms and lorth of the available lifty- 
two pins. As the PLHS501 contains no regis- 
ters, an edge-triggered 
D-type Ilip-flop was 
designed using NANDgates and this is used as 
a soft macro in order to implement the shift 
register function (Figure ~). 


As suggested in the original article, the circuit 
could be expanded to access up to eight ROM 
banks (Figure 4-8). This was achieved by edit- 
ing the logic equation file and adding extra 
equations (Figure 4-9). Modifying the drawing, 
although fairly easy to do, was not considered 
necessary as the object was to design with 
PML and not TIL. The expanded circuit would 
require another three TIL IC packages, brining 
the total to eleven. The number of foldback 
terms increased to fifty-live, with the number 01 
pins rising to fifty. Figure 4-1 0 shows the pinout 
of both versions. 


740 
ENADO 


74521 
G1 


/A5 
1 
vcc 
A17 
2 
18 
"'Asa 
S17 • 
18 
GND 
1 7432 
A18 
4 
17 
GND 
2 
• 
ENDAnO 


S18 
5 
,. 
S23 
A18 • 
A23 
G2 
15 
S18 
7 
14 
S22 
A20 
8 
" 
A22 
S20 
8 
12 
521 
GND 
11 
A21 
7404 
1 7432 
2 
ENDATHl 
'" 
2 
G. 
G5 


74138 
IR-W 
A1. 
15 
1 7432 


IROMll0 
IROMll0 
2 


G7 


7432 
fROM1Hf 
IROM1H 


G8 
G8 


IDSO 
IDS1 
IDTACK 


R-WH 


7402 
74llO 


7485 
DTAK 
1 
,. 
Gl. 


2 
" 
00 
G11 
G12 
• 
12 
01 
4 
11 
02 
5 
,. 
O. 
(SOURCE:WIRELESSWORLD,JAN.1888,CIRCUITIDEAS) 
•7 


M3 
CKBMZ 


Figure 4-4. 
VME - EPROM Interlace 
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7_ 


EL 
1 
SET 


G, 


OFFS 
OFFS 
OFFS 
OFFS 
0 
QO 
0 
0' 
0 
02 
0 
03 


PN 
ON 
QNO 
PN 
ON 
ON' 
PN 
ON 
0N2 
PN 
ON 
0N3 


GNO 
0 
RN 
ROO 
0 
RN 
RO, 
0 
RN 
RD. 
0 
RN 
R03 


SN 
soo 
SN 
SO, 
SN 
S02 
SN 
S03 


CLBMZ 
CK 
ON 
DOll 
CK 
ON 
DOl 
CK 
ON 
D02 
CK 
ON 
D03 


FFl 
FF2 
FF3 
FF4 
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517 


IA' 
51. 
AI. 
51. 
A17 
52D 
AI. 
521 
AI. 
522 
A20 
523 


VCC 
• 
4. 
VCC 
A21 
• 
4 • 
WAIT 


A22 
10 
•• 
HlC 


A23 
11 
43 
CKBMZ 


IDSO 
12 
42 
HlC 


IDS' 
13 
PlHS501 
4' 
HlC 
R-WN 
14 
40 
IR-W 


OIl 
" 
3. 
DTAK 
Ql 
I. 
38 
IDTACK 
Q2 
17 
37 
IMASEL 
Q3 
,. 
3. 
HlC 


{ROMOLO ,. 
3. 
HlC 
GND 
20 
34 
GND 


/ROMOH 
HlC 


IRQM1LO 
NIC 


IROM1H 
HlC 
HlC 
ENDATH 
HlC 
ENDATLO 
HlC 
ENADD 
HlC 


YCC 
8 
A21 
g 


A22 
10 
A23 
11 


1050 
12 


IOS1 
13 
R-WN 
14 
REG 
1S 
ENAOD 
16 
ENDATLO 
17 


EN OATH 
18 


IROMOlO 
19 


GND 
20 
FULLEXP 


46 
YCC 
4S 
W2 
•• 
WI 


43 
CKBMZ 
42 
HIe 
41 
we 
40 
IR-W 


39 
DTAK 
38 
IClACK 
37 
IUASEL 
36 
IROM7H 
35 
IROM7l0 
34 
GND 


/ROMaH 
IROMll0 
IROM1H 
IROM2l0 
IROM2Hl 
IROM3LO 


/ROM6H 


fR0M6LO 


fROUSH 


IROMSlO 


/ROM4H 


IROM4LO 


IROM3H1 
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File 
Name 
: VMEEXP 


Date 
2/13/1988 
Time: 
10:23:5 


Left 
LABEL 


VCC 
A21 
A22 
A23 
/DSO 
/DSI 


R-WN 


QO 


Ql 


Q2 


Q3 
/ROMOLO 
GND 


Bottom 


LABEL 


/ROMOHI 
/ROMILO 
/ROMIHI 


N/C 
N/C 


N/C 


N/C 
ENADD 
ENDATLO 
ENDATHI 


N/C 


N/C 


N/C 


FNC 
**PIN 


+5V 
8- 1 


I 
9-1 


I 
10-1 


I 
11-1 


I 
12-1 


I 
13-1 
I 
14- 
1 
a 
15-1 
I 
16-1 
I 
17-1 
I 
18-1 
a 
19-1 


OV 
20- 
1 


**PIN 
21-1 
22-1 
23-1 


24-1 
25-1 
26-1 
27-1 
28-1 
29-1 
30-1 
31-1 
32-1 
33-1 


PIN * * 


1-46 
1-45 
1-44 
1-43 
1-42 


1-41 
1-40 
1-39 
1-38 
1-37 
1-36 
1-35 
1-34 


PIN** 
FNC 


1- 
7 
I 


1- 6 
I 
1- 5 
I 
1- 
4 
I 
1- 3 
I 
1- 2 
I 
1- 1 
I 
I-52 
I 
I-51 
I 
I-50 
I 


1-49 
I 
1-48 
I 
1-47 
I 


Right 
FNC 
LABEL 


+SV 
**VCC 


I 
**WAIT 


I 
**N/C 


I 
"CKBMZ 
I 
**N/C 


I 
**N/C 


/0 
**/R-W 


/0 
*"'DTAK 


/0 
**/DTACK 
/0 
**/MASEL 
o 
**N/C 
o 
**N/C 
ov 
**GND 


**A20 


**A19 
**Al8 
**Al? 


**A16 


**/A5 
"517 
"518 
"519 


*"'520 
"'*S21 


**522 
**S23 
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File 
Name: 
VMEEXP 
Date: 
2/13/1988 
Time: 
10:23:41 


@DEVICE 
TYPE 


PLHSS01 
@DRAWING 
VMEEXP.DWG 


@REVISION 
@DATE 
2/12/1988 


@SYMBOL 
@COMPANY 
@NAME 
VMEEXP 
@DESCRIPTION 
@INTERNAL 
NODE 


R03 503 D03 R02 502 
D02 QO 
R01 501 DOl 


ROO 500 DOO 
@I/O DIRECTION 


DBS 
1 


DB6 
1 


DB? 
1 
OEO 
1 


OE1 
1 


@I/O STEERING 
@LOGIC 
EQUATION 


R03 
(/«//MASEL)*S03*CK8MZ*D0311 


503 
(/(CKBMZ*(/(S03*D03*(//MASEL))))1 
D03 
(/(Q2*R03)) 
; 


R02 
(/«/ /MASEL) *S02*CKBMZ*D02)) 
; 


502 
(/(CKBMZ*(/(S02*D02(//MASEL))))) 
D02 
(/(Q1*R02)); 


R01 
(/((//MASEL) *SOl*CKBMZ*D01)) 
; 


501 
(/(CKBMZ*(/(SOl*D01(//MASEL)) 
II) 


DOl 
(/(QO*R0111; 


ROO 
(/«//MASEL)*SOO*CKBMZ*DOO)I 
; 


500 
(/(CKBMZ*(/(SOO*DOO*(//MASEL))))) 


DOO 
(/(Q*ROO)); 


/ROMOLO 
(/DSO+(/(/A16*/0*1*//MASEL))1 


/ROMOHI 
(/DS1+(/(/A16*/0*1*//MASEL))) 


/ROM1LO 
(/DSO+(/(A16*/0*1*//MASEL))) 


/ROM1HI 
(/DS1+(/(A16*/0*1*//MASEL)I) 


QD 
(/«/(ROO*QO))*SOO*(//MASEL))) 


Q1 
(/((/(R01*Q1) )*501 * (//MASEL) )) 
Q2 
(/«(/(R02*Q2)) *502* (//MASEL) II 
Q3 
(/«/(R03*Q3))*S03*(//MASELIII 


/MASEL 
~ /(/(/I/«A1?*Sl?+/A1?*/Sl?I*(A18*S18+/A18*/S181*(A19*S19+ 


/A19*/S19)*(A20*S20+/A20*/S20)*(A21*S21+/S21*/S211* 
(A22*S22+/A22*/S22)*(A23*S23+/A23*/S23)*//AS)])) 


/DTACK 
/«/(/MASEL+WAIT))*R-WN) 


DTACK 
/(/DTACK) 


/R-W ~ / (R-WN) ; 
ENADD 
~ 
(//AS) 
; 


ENDATLO 
((/R-W+/MASEL)+/DSO) 
ENDATHI 
(/DS1+(/R-W+/MASEL)I 
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File 
Name 
: FULLEXP 
Date 
2/13/1988 
Time: 
10:11:28 


Left 
LABEL 


VCC 
A21 
A22 
A23 
/DSO 
/DS1 
R-WN 
REG 
ENADD 
ENDATLO 
ENDATHI 
/ROMOLO 
GND 


LABEL 
/ROMOHI 
/ROMlLO 
/ROM1HI 
/ROM1LO 
/ROM1HI 
/ROM3LO 
/ROM3HI 
/ROM4LO 
/ROM4HI 
/ROM5LO 
/ROM5HI 
/ROM6LO 
/ROM6HI 


FNC 
**PIN 


+SV 
**' 
8-1 
I 
9- 1 
I 
10-1 
Ill-I 
I 
12-1 
I 
13-1 
I 
14- 
1 
o 
15- 
1 
o 
16-1 
o 
17-1 
o 
18-1 
o 
19-1 


OV 
20-1 


**PIN 
21-1 
22-1 
23-1 


24-1 
25-1 


26- 
1 
27-1 
28-1 
29-1 
30-1 


31-1 
32-1 
33-1 


PIN *"* 
1-46 


1-45 
1-44 
1-43 
1-42 
1-41 
1-40 
1-39 
1-38 
1-37 


1-36 
1-35 
1-34 


Right 
FNC 
LABEL 


+SV 
**VCC 


I 
**WO 


I 
**Wl 


I 
**CKBMZ 
I 
**N/C 


I 
**N/C 
/0 
**/R-W 


/0 
**DTAK 
/0 
** /DTACK 
/0 
** /MASEL 
a 
**ROM7HI 
o 
* *ROM7LO 
ov 
**GND 


PIN·* 
1- 
7 


1- 
6 
1- 
5 
1- 4 
1- 
3 


1- 
2 
1- 
1 
I-52 
I-51 
I-50 
1-49 
1-48 
1-47 


Top 
FNC 
LABEL 


I 
**A20 
I 
**A19 


J 
**A18 


I 
**A17 
I 
**A16 


I 
**/AS 
I 
**517 
I 
**518 


I 
**519 
I 
**520 


I 
**521 
I 
**522 
I 
**$23 


File 
Name: 
FULLEXP 


Date: 
2/13/1988 


Time: 
10:11:30 


@DEVICE 
TYPE 
PLHSS01 


@DRAWING 


VMEEXP.DWG 


@REVISION 
@DATE 
2/12/1988 
@SYMBOL 
@COMPANY 
@NAME 
VMEEXP 
@DESCRIPTION 
@INTERNAL 
NOOE 
R03 S03 D03 R02 S02 
D02 R01 
SOl DOl ROO 
SOO DOO 
QO Q1 Q2 Q3 


@I/O DIRECTION 


DB4 
1 
DBS 
1 
DB6 
1 
DB7 
1 
OEO 
1 
OE1 
1 
OE2 
1 
OE3 
1 
XEO 
1 
XE1 
1 
XE2 
1 
XE3 
1 
@STEERING 
SO 
Q 
Sl 
Q 


S2 
Q 


S3 
Q 


@LOGIC EQUATION 


R03 
IIIlIIMASEL)*S03*CKBMZ*D03) 


S03 
I/ICKBMZ*I/IS03*D03*IIIMASEL»»)) 
D03 
(/IQ2*R03» 
; 


R02 
(/I(/IMASEL) *S02*CKBMZ*D02») 
; 


S02 
I/lcKBMX*I/S02*D02*IIIMASEL)III) 


D02 
(/IQ1*R021) ; 
R01 
(/I(/IMASELI*SOl*CKBMZ*D01)) 
; 


SOl 
I/ICKBMZ*I/IS01*D01*IIIMASELI II» 


001 
I/IQO*R01»; 


ROO 
(/I(/IMASELI*SOO*CKBMZ*DOO)) 
; 


SOO 
I/ICKBMZ*I/SOO*DOO*IIIMASEL)))I 
I 


000 
(/IQ*ROO)I ; 


/ROMOLO 
(/DSO+I (/A16*/A17*/A18*/ IMASEL») 


IROMOHI 
I/DS1+/I/A16*/A17*/A18*/IMASEL» 


/ROM1LO 
(/DSO+I IA16+/A17*/A18*IIMASEL» 
; 


IROM1HI 
(/DS1+1 IA16-/A17*/A18*IIMASEL» 
; 


IROM2LO 
/1/I/DSO+/I/A16*A17*/A18*IIMASEL))) 
IROM2HI 
/I/I/DS1+/I/A16*A17*/A18*IIMASEL»)) 


IROM3LO 
1I/I/DSO+/IA16*A17*/A18*IIMASEL»)) 


IROM3HI 
1I/I/DS1*/IA16*A17*/A18*IIMASEL))) 


IROM4LO 
(/DSO+I IA16*/A17*A18*IIMASEL») 
; 


IROM4HI 
(/DS1+1 IA16*/A17*/A18*IIMASEL») 
; 


IROMSLO 
(/SAO+I IA16*/A17 IA18*IIMASELI) 
; 


IROMSHI 
(/OSl+1 IA16*/A17*A18*IIMASEL» 
; 


IROM6LO 
(/DSO+/IA16*A17*A18*IIMASELII 


IROM6HI 
I/OS1+/IA16*A17*A18*IIMASELI I 


IROM7LO 
(/DSO+/ IA16*A17*A18*1 /MASEL» 
IROM7HI 
I/DS1+/IA16*A17*A18*IIMASEL» 
ENADD 
(//AS); 


ENDATLO 
II/R-W+/MASEL)+/DSO); 


ENDATHI 
(/DS1+ (/R-W+/MASEL») 
; 


QO 
1II/IROO*QO»*SOO*IIIMASEL» 
Q1 
1II/IR01*Q1»*SOl*IIIMASELI) 


Q2 
1II/IR02*Q2»)*S02*IIIMASEL» 
Q3 
1II/IR03*Q3))*S03*IIIMASEL)) 


IMASEL ~ 1I/II/IIA17*S17+/A17*/A17*/S17*IA18*S18+/A18*/S18) 


*IA19*S19+/A19*/S191*IA20*S20+/A20*/S201*IA21*S21 
+/A21*/S21)*IA22-S22+/A22*/S221*IA23**S23 
+(A23*S231*IIASIJlI 
; 


IDTACK 
1((1 I/MASEL+I II/QO*WO*/W1)+I/Q1*WO*/W1)+I/Q2*/WO*W1) 


+ I/Q3*WO*W1)) II*R-WNI 
DTAK 
/ (DTACK) 
IR-W ~ / (R-WN) ; 
REG ~ QO*Q1*Q2*Q3 


Signefics 


MICRO CHANNEL 
INTERFACE 
IBM's 
new 
Micro 
Channel 
Architecture 


(MCA) 
bus implements 
new features 
not 


found on the XT/AT bus. One new require- 
ment for adapter 
designers 
is that of Pro- 
grammable 
Option 
Select 
(POS) circuitry. 


It allows 
system 
software 
to 
configure 


each adapter 
card upon power on, thereby 


eliminating 
option 
select 
switches 
or 
jumpers 
on the main 
logic board 
and on 


adapter 
cards. 


Each adapter 
card slot has its own unique 


-CDSETUP 
signal routed to it. This allows 


the CPU to interrogate 
each card individu- 


ally upon power 
up. By activating 
a card's 
-CDSETUP 
line 
along 
with 
appropriate 


address 
and control 
lines two unique 
8 bit 
ID numbers 
are first read from the adapter. 
Based 
upon 
the 
ID number, 
the 
system 


then writes 
into the card's 
option 
latches 


configuration 
information 
that 
has 
been 


stored 
in the system's 
CMOS 
RAM. 
The 


CPU 
also 
activates 
POS 
latch 
address 


102h bit 0, which 
is designated 
as a card 


enable 
bit. 


If a new card is added 
to the system, 
an 


auto-<:onfiguration 
utility will be invoked. 
Each adapter 
card 
has associated 
with it 


a standardized 
Adapter 
Description 
File 


with 
filename 
of 
@XXXX.ADF, 
where 


XXXX 
is the hex ID number 
of the card. 
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The configuration 
utility prompts 
the user 


according 
to the text provided 
in the .ADF 
file and updates 
the card's latches and the 


system's 
CMOS 
RAM. 


IBM reserves 
8 addresses 
for byte-wide 


POS latches, 
however, 
depending 
on the 
card's function, 
not all addresses 
need to 


be used. 
In addition, 
of those 
addresses 
that are used, only the bits used need to be 
latched. The first two addresses 
which are 
reserved 
for reading 
the ID by1es, and bit 
o of the third address, 
which 
is defined 
as 
a card enable bit, are mandatory. 
Some of 
the remaining 
bits of the third address 
are 
suggested 
by IBM to be used as inputs to 
an I/O or memory 
address 
comparator 
to 
provide 
for 
alternate 
card 
addresses. 


Many adapter cards will not use more than 
these three 
POS locations. 


The following 
example 
describes 
an im- 
plementation 
of POS circuitry 
realized 
in 
a PLHS501. 
It uses only 56 of the possible 


72 internal foldback 
NAND gates and only 
a portion of the device pins, allowing 
addi- 


tional 
circuitry 
to ba added. 
Figure 
5-1 
shows 
a block diagram 
of the circuit, 
and 
Figures 5-3 and 5-4 are the AMAZE 
files. 
Pins 
labeled 
D00--D70 
must 
be 
con- 


nected 
externally 
to pins 
DOI-DlI. 
They 
also must be connected 
through 
a 74F245 
transceiver 
to the Micro Channel. 
External 
transceiver 
direction 
and enable control 
is 


provided 
for 
by 
circuitry 
within 
the 


PLHS501. 
The external 
transceiver 
may 


also 
be 
used 
by other 
devices 
on 
the 


adapter 
card. 


In this application, 
edge-triggered 
regis- 


ters are not required 
and therefore 
should 


not be used, 
as transparent 
latches 
use 


fewer 
NAND 
gates 
to 
implement. 
Fig- 


ure 5-2 
shows 
the various 
latch 
circuits 


described 
by the AMAZE 
equations. 
POS 


by1e 2 was 
made 
using 
four 
of the 
/B 


device 
pins and four of the B pins. Notice 


however, 
from 
Figure 5-2(B) 
that the bits 


on the /B pins used the complement 
of the 


input 
pin, thereby 
implementing 
a non- 
inverting 
latch. Also, all 8 bits of this by1e 


were brought 
to output pins. If some of the 


bits are not used by external 
circuitry, then 


the specific 
bit latch may not be needed or 


may be constructed 
entirely from fold back 


NAND gates freeing 
additional 
pins. 


An external 
F521 may be added to provide 


for I/O address 
decoding. 
As the MCA bus 


requires 
all16 
bits of the I/O address 
to be 


decoded, 
8 bits may be assigned 
to the 


F521 
and 
8 bits 
to 
the 
501. 
Bit fields 


decoded 
in the 501 
may be done 
so in 
conjunction 
with bits from 
POS byte 2 to 


provide 
for alternate 
I/O addressing. 
Addi- 


tionally, 
some of the available 
501 outputs 


may be used as device 
enables 
for other 
devices 
on the card. 
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-CDSETUP 


-MI-lO 


-S, 


-SO 
-A2 
...•., 


-NJ 


BUFEN 


IlIR 


POS 
BYTE 
2 
DATA 
OUTPUT 


File 
Name 
: MCPOSREG 


Oate 
5/31/1988 


Time 
: 11:50:2 


~~~~~~~~~~~~~~~~~~~~~ 
P I N 
L I S T ~~~~H~~~~~~~~~~~~~~~~ 


Left 
Right 
LABEL 
FNC 
**P1N 
P1N** 
FNC 
LABEL 
VCC 
+5V 
8-1 
1-46 
+5V 
**VCC 
N/C 
I 
9-1 
1-45 
I 
**041 
N/C 
I 
10-1 
1-44 
I 
**031 


N/C 
I 
11-1 
P 
1-43 
I 
**021 


N/C 
I 
12-1 
L 
1-42 
I 
**011 
N/C 
I 
13-1 
H 
1-41 
I 
**001 


N/C 
I 
14-1 
S 
1-40 
/0 
**L3 


/L4 
0 
15-1 
5 
1-39 
/0 
**L2 


/L5 
0 
16-1 
0 
1-38 
/0 
**Ll 


/L6 
0 
17-1 
1 
1-37 
/0 
**LO 


/L7 
0 
18-1 
1-36 
0 
**070 


N/C 
0 
19-1 
1-35 
0 
**060 


GNO 
ov 
20-1 
1-34 
/0 
**GNO 


Bottom 
Top 
LABEL 
FNC 
**P1N 
P1N** 
FNC 
LABEL 
BUFEN 
0 
21- 
1- 7 
I 
**SS1 
N/C 
0 
22- 
1- 6 
I 
**5S0 
N/C 
0 
23- 
1- 5 
I 
**SETUP 
lOWS 
/0 
24- 
P 
1- 4 
I 
**CMO 
N/C 
/0 
25- 
L 
1- 3 
I 
**A2 
N/C 
/0 
26- 
H 
1- 2 
I 
**A1 
N/C 
/0 
27- 
S 
1- 1 
I 
**AO 


000 
0 
28- 
5 
I-52 
I 
**M1O 
010 
0 
29- 
0 
I-51 
I 
**AOL 
020 
0 
30- 
1 
I-50 
I 
**R5T 
030 
0 
31- 
1-49 
I 
**071 


040 
0 
32- 
1-48 
I 
**061 
050 
0 
33- 
1-47 
I 
**051 


Figure 5-3. 
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File 
Name: 
MCPOSREG 


Date: 
5131/1988 


Time: 
11 :50: 17 


@DEVICE 
TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 


Basic 
Programmable 
Option 
Select 
circuitry 


for 
a 
Micro 
Channel 
Adaptor 
card 


@INTERNAL 
NODE 


/setupl,/miol,aOl,all,/a21,ssOl,ssll; 


len,Duten,/iow; 


@COMMON 
PRODUCT 
TERM 


readO 
(setupl*/ss11*ssOl*miol*/cmd*a21*/all*/aOl); 


readl 
(setupl*/ssll*ssOl*miol*/cmd*a21*/al1* 
aOl); 


read2 
(setupl*/ssll*sslO*miol*/cmd*a21* 
a11*/a01); 


NOTE: 
In 
the 
above 
equations, 
setupl, 
miol 
and 
a21 
all 
should 
be 


preceded 
by 
a 
slash 
(/). 
The 
slash 
was 
omitted 
to 
correct 
for 


a 
mapping 
error 
in 
AMAZE 
1.65 
when 
using 
active 
low 
internal 
node 


definitions 
in 
common 
product 
terms. 


b7h 
0; 
"Define 
high 
ID byte" 


b6h 
1; 
(POS byte 
#l) 


b5h 
1; 
7E hex 


b4h 
1; 


b3h 
1; 


b2h 
1; 


b1h 
1; 


bDh 
0; 


b71 
1; 


b61 
1; 


b51 
1; 


b41 
1; 


b31 
1; 


b21 
1; 


b11 
1; 


bOll; 


@I!O DIRECTION 


"3-state 
output 
control 
of 
d7o-dOo 


H 


xeO 
(/setupl*/ssll*ssOl*/miol*/cmd*a21*outen); 


xel 
(/setupl*/ssll*ssOl*/miol*/cmd*a21*outen); 


xe2 
(/setupl*/ssll*ssOl*/miol*/cmd*a21*outen); 


xe3 
(/setupl*/ssll*ssOl*/miol*/cmd*a21*outen); 


@I/O STEERING 


~ 
Define 
low 
10 
byte 
H 
(POS byte 
HO) 


FF 
hex 
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/setupl 


/moil 


5511 
5s01 
la21 
all 
a01 


/setup*/adl 
Imio 
'/ad1 


55l 
*/adl 


550 
'/ad1 
la2 
'/ad1 
al 
*/adl 
aD 
*/adl 


+ 
/setupl*adl; 


+ fmio! 
·adl; 


+ 
5511 
*adl; 


+ 
5s01 
lradl; 


+ 
/a21 
*adl; 


+ 
all 
*adl; 


+ 
aOl 
*adl; 


~ 
Option 
Select 
Octal 
Data 
Latch 
(POS 
byte 
N2) 
" 


~ 
10 
is 
to 
be 
used 
as 
a 
card 
enable 
signal" 


len 
/[/setupl*/ssOl*ssll*/miol*/cmd*/a21*all*/aOl]; 
"write 
to 
latch" 


/17 
I[/d7i · en] · 
1[17 · 
fen] · 


[Irst] ; 


/16 
I[/d6i · 


en] · 


I[ 16 · 
fen] · 


[Irst] ; 


/15 
1[/dSi · en] · 


1[15 · 


len] · 


[Irst] ; 


/14 
1[/d4i · en] · 


1[14 · 


fen] · 


[Irst] ; 


13 
1(([ 
d3i · 


en · 


Irst] · 


1[13 , len · 


Irst JI; 


12 
1(([ 
d2i 
• en · 
Irst] · 
1[12 · len · Irst J I; 


11 
I (I I d1 i • en · 
Irst] , 1[11 , len · 


Irst] I; 


10 
I (I I dOi · · 
hst] · I[ 10 , len · 


Irst] I; 


" 
Octal 
3 
to 
1 
Multiplexer 
" 


" 
This 
miltiplexer 
selects 
between 
reading 
POS[OJ. 
POSI1] 
or POS[2] 
onto 
the data bus· 


d70 
(b7h*readl 
+ 
b71*readO 
+ 
117*read2); 


dGo 
(b6h*readl 
+ 
b61*readO 
+ 
/16*read2); 


d50 
(bSh*readl 
+ 
bSl*readO 
+ 
/15*read2); 


d40 
(b4h*readl 
+ 
b41*readO 
+ 
/14*read2); 


d30 
(b3h*readl 
+ 
b31*readO 
+ 
13*read2); 


d2a 
(b2h*readl 
+ 
b21*readO 
+ 
12*read2); 


dlo 
(blh*readl 
+ 
bll*readO 
+ 
11~read2); 


dOo 
(bOh'read1 
+ bOl'readO 
+ 
10'read2); 


~3-State 
output 
control 
for 
d7o-dOo: 


iowb 
liow 


bufen 


1(/a2l 
* 
Isetupl 
* miol 
* 
ssll 
* 
IssOl); 


I (/a21 
* 
Isetupl 
* 
miol 
* 
ssll 
* 
IssOl); 


cmd 
* 
liow; 


NuBus INTERFACE 
In Apple Computer's book" "Designing 
Cards and Drivers for Macintosh II and 
Macintosh SE", an application was de- 
scribed for interfacing an 8-b~ I/Ocontrol- 
ler to the NuBus. The controller used was 
a SCSI controller of the type used on the 
main 
Macintosh 
logic 
board. 
Seven 
devices (three of which were PAL archi- 
tecture) were used as control circuitry 
interfacing the SCSI controller and two 
RAM chips to the bus. 


This example of using the 
PLHS501 
shows a method of interfacing the same 
SCSI controller and RAM chips to the 
NuBus usingonly three parts. The adapter 
card schematic isshown in Figure 6-2 and 
the 
AMAZE 
listing 
is 
in Figure 6-6. 


Although the AMAZE listing may seem 


f\IJIJIIl,;allUII 
I.•.•• 
Ult::::s 
Vol. 2 


confusing at first glance, the circu~ry 
fused into the PLHS501 can be broken 
down into small blocks of latches, flip- 
flops, and schematically in Figures 6-4 
and 6-5. Circuit timing is shown in Fig- 
ure 6-3. 


Referring to Figure 6-4 and Figure 6-5, 
the circuitry starts a transaction by first 
detecting a valid address in either the slot 
or super slot range. The detection is ac- 
complished by two wide-input 
NAND 
gates, and controlled by the /CLK signal. 
Following each NAND gate is an S-R 
latch to hold the signal until near the end 
of the cycle. The two S-R latch signals are 
combined into one signal named STO 
such that ~either NAND gate output was 
low,then some delay time after the rising 
edge of /CLK, STO will go low. The nexl 


rising edge of /CLK will cause signal STl 
to go low. This sets signal DE210w,which 
is an input to an external flip-flop to cause 
ST2 to go low at the next rising /CLK edge 
terminating the cycle. An external flip-flop 
was necessary to achieve a high-speed 
/CLK to IIOR andlACK trans~ion. Also. an 
exlernal FI25 buffer was added to meed 
the soon to be approved IEEE Pl196 
spec~icalion requirement of 60mA IoLfor 
signal INMRQ and 24mA 10Lfor signals 
ITMOITMl 
and 
lACK. 
Figure 
6-5 (B) 
shows an easily implemented latch which 
controls interrupts generated by the SCSI 
controller passing onto the bus. Upon 
IRESETthe latch isput into a known state. 
Under software control, by wr~ing to a 
decoded address, the latch may be set or 
reset, thereby gating or blocking the inter- 
rupt signals. 
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07 
START 
lACK 
ClK 


IRESET 
,,,,,,,,,,,,,,,, 
.. _----- 
-------------------" 


START 


lACK 
ClK 


IRESET 
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/RESET 


ISTO~ST1 
~lK-LJ 


(8) 
Interrupt Enable Control Latch 
Internal FIi~lops 
and latches 


!!!!!!!!!!!!!!!!!!!!! 
P I N 
L I S T !!!!!!!!!!!!!!!!!!!!! 


Left 
Right 
LABEL 
FNC 
* *p IN 
PIN** 
FNC 
LABEL 
VCC 
+5V 
8-1 
1-46 
+5V 
**VCC 
IID2 
I 
9-1 
1-45 
I 
**01 


IID3 
I 
10-1 
1-44 
I 
-"*00 


DRQ 
I 
ll-I 
P 
1-43 
I 
"A19 


IRQ 
I 
12-1 
L 
1-42 
I 
**A18 


ST2 
I 
13-1 
H 
1-41 
I 
**A9 
N/C 
I 
14-1 
S 
1-40 
/0 
**5TO 


N/C 
a 
15-1 
5 
1-39 
/0 
**N/C 


N/C 
a 
16- 1 
0 
1-38 
/0 
**N/C 


N/C 
a 
17-1 
1 
[-37 
/0 
**N/C 


N/C 
a 
18-1 
[-36 
a 
**N/C 
N/C 
a 
19- I 
1-35 
a 
**N/C 
GND 
ov 
20-1 
1-34 
/0 
"GND 


Bottom 
Top 


LABEL 
FNC 
ll"lfpIN 
PIN** 
FNC 
LABEL 


N/C 
a 
21- 
1- 7 
I 
••IIOI 
N/C 
a 
22- 
1- 6 
I 
••lIDO 


ACLK 
a 
23- 
[- 
5 
I 
**/RESET 
/ROMCS 
/0 
24- 
P 
[- 
4 
I 
**/TMI 
/RAMCS 
/0 
25- 
L 
1- 3 
I 
**/ACK 


N/C 
/0 
26- 
H 
1- 
2 
I 
**/START 
/NMRQ 
/0 
27- 
S 
I- I 
I 
**/CLK 
DE2 
a 
28- 
5 
I-52 
I 
**07 
/RESET 
a 
29- 
0 
I-51 
I 
**06 
/SCSI 
a 
30- 
1 
I-SO 
I 
**05 
/DACK 
0 
31- 
1-49 
I 
**04 
IIORR 
0 
32- 
1-48 
I 
**03 
/IOW 
0 
33- 
1-47 
I 
**02 


@DEVICE 
TYPE 


PLHS501 


@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 


SCSI-NuBus 
Interface 


@INTERNAL 
NODE 


/sl,/sp,/SLOT,/SUPER; 


snl,sn2,rnl,rn2; 


sn3,rn3,stl; 
sn4,rn4,tmll,tmlln; 
CMP3a,CMP2a,CMPla,CMPOa; 
CMP3b,CMP2b,CMPlb,CMPOb; 


/slt,/sup,stln,adclk; 


setad,rstad,inten; 


slotn,supern; 
@COMMON 
PRODUCT 
TERM 


@I/O DIRECTION 
@I/O STEERING 
@LOGIC EQUATION 


"Address 
Decode" 


cmpOa 
IdO*idO+/dO*/idO); 


cmpla 
~ 
ldl*idl+/dl*/idl); 
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cmp2a 


cmp3a 


cmpOb 


cmplb 


cmp2b 
cmp3b 


(d2*id2+/d2*/id21; 
(d3*id3+/d3*/id31; 
(d4*idO+/d4*/idOI; 
(d5*idl+/d5*/idll; 
(d6*id2+/d6*/id21; 
(d7*id3+/d7*/id3) ; 


/s1 
/(d7*d6*d4*cmpOa*cmpla*cmp2a*cmp3a*start*/ack*clk); 


Isp 
j(cmpOb*cmplb*cmp2b*cmp3b*start*/ack*clk); 


"latch 
slot 
signal" 
/slt ~ /1/reset*st2*/[/sl*/slt]); 


"latch 
super 
signal" 


/sup ~ /1/reset*st2*/I/sp*/sup}); 


"Let 
Is It 
or 
Isup 
through 
only 


until 
after 
the 
rising 
edge 


of 
/clk" 


stO 
/l/[/slt*/sup*clk} 
* /[stO*clk} 
* /1/slt*/sup*stO} 
* /reset); 


·Slot 
signal 
a-type 
Flip-Flop· 


snl 
/1/clk*slt*I/[snl*/reset*/super*(/lstO*rnl*/slt})JII; 


rnl 
/ (/clk*snl* (/IstO*rnl*/slt})); 


Islot 
= 
j(/reset*/super*snl*slotn); 


slotn 
~ /l//slot*rnl*/slt); 


"Super 
signal 
D-type 
Flip-Flop" 


sn2 ~ 
/1/clk*/sup*I/[sn2*/reset*/slot*I/lstO*rn2*/sup]I})); 


rn2 ~ /(/clk*sn2*(/[stO*rn2*/sup})); 


/super 
= 
/(/reset*/slot*sn2*supern); 


supern 
= 
j(/super*rn2*/sup); 


"State 
1 D~type Flip-Flop" 


sn3 
/ (/clk* (/Isn3*/reset* (/[stO*rn3])} II; 


rn3 
/1/clk*sn3*(/[stO*rn3}1); 


stl 
I (freset*sn3*stlnl; 


stln= 
((stl*rn3]; 


"output 
to 
external 
flop" 


de2 ~ /(stln 
* st2); 


"address 
latch 
clock" 
adclk 
= 
elk*stO*stI; 


aclk 
= 
elk*stO*stI; 


"latch 
tml 
signal 
for 
r/w 
info" 


sn4 
= 
j(adclk*/reset*(/[sn4*(/[/tml*rn4*/reset])]»; 


rn4 
= 
/(adclk*sn4*(/[/tml*rn4*/reset])); 


tmll 
~ /(sn4*tmlln); 


tmlln= 
/(rn4*/reset*tmll); 


~straight 
decode 
stuff" 


/iorr 
/(/stO*tmll 


/iow 
/(/tmlln*stO 


/scsi 
/(slotn*/al9*/a18*/a9 


/dack 
/(slotn*/a19*/al8* 
a9 


/romcs= 
/(slotn* 
al9* 
al8 
/ramcs= 
/(supern 


/resetb= 
/reset; 
~interrupt 
control 
latch" 


setad 
/(tmlln*/stO*slotn* 
al9*/al8* 
a9); 


rstad 
/(tmlln*/stO*slotn* 
al9*/a18*/a9); 


inten 
(setad*«([inten*rstad*(resetj); 


/nmrq 
/(inten*drq+inten*irq); 


* 
/reset); 


* 
/reset); 
* 
/reset); 


* 
/reset); 


* 
/reset); 


* 
/reset); 


Signetics 


NUGGETS 
Much current focus for microprocessor 
design is on the address bus. Typically, 
most designers assume the processorwill 
handle the data manipulation andthe data 
bus is assumed to be a straight, clean path 
to and from the memory. Data transforma- 
tions may be accomplished for specffic 
purposes when the application requires it. 
For instance, a classic transformation 
from the early 70's was the bit reversal re- 
quired to address operands for a Fast 
Fourier Transformation. When designers 
implemented bit reversal as a separate 
hardware process, the whole system im- 
proved. Likewise for hardware multipliers. 


Also, a hidden "transformation" is the 
appending of parity and the calculation of 
E.C.C. polynomials. Clearly, when the de- 
signer recognizes that signfficant perform- 
ance improvement can be achieved by 
realizing the payoff attainable with a spe- 
cial purpose hardware device, he should 
design it. For example, let's consider 
parity generation: 


Data Bus Parity 
The PLHS501 can span 32 bits of input 
data It has four output Ex--0R gates, and 
the ability to generate literally any function 
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of the inputs. It would seem that there 
must be some "best" way to generate and 
detect parity. Recallthat the PLHS501 can 
generate both deep logic functions (lots of 
levels) and wide logic functions (lots of 
inputs). The best solution would require 
the fewest gates andthe fewest number of 
logic levels. Let's review the basics, first. 
Table 7-1 (A) shows the parity function for 
two variables and Table 7-1 (B) shows it 
for three variables. The Ex--0R function 
generates even parity. 


It is noticeable that there are precisely 
50% logical 1 entries in the truth tables. 
This yields the famous 
checkerboard 
Karnaugh Maps. With a checkerboard K- 
map, no simplffication of Ex--0R functions 
is possible by Boolean simplffication. The 
two variable Ex--0R has two ones (imply- 
ing3 gates to generate), the 3 variable has 
four ones (implying 5 gates to generate). 
In general, 20-1+1 product terms could 
generate Ex--0R functions intwo levels of 
NAND gates (assuming complementary 
input variables exist). You must have an 
unlimited number of gate inputs for this to 
hold. 


The PLHS501 could do this for 7 input 
variables in two levels (~+ 1=65), but 


cannot support 8 (27+1.129). Hence, it is 
appropriate to seek a cascaded solution, 
hopefully taking advantage of the avail- 
able output Ex--0R functions. Let's solve 
a 16 input Ex--0R function, by subparti- 
tioning. 
First, consider 
Figure 
7-1 (A) 


where two literals are Exdusive--0Red to 
generate an intermediate Ex--0R func- 
tion. This requires available complemen- 
tary inputs and generates even parity in 
two levels. Figure 7-1 (B) also does this 
(by factoring), requiring 3 gate levels, but 
does not require complementary inputs. 


Assuming 
inputs 
must 
get 
into 
the 
PLHS501 through the pin receivers, it is 
best to generate as wide of an initial 
Ex--0R as possible, so a structure like 
Figure 7-1 (A) expanded is appropriate. 
Figure 7-1 
shows 
a 2-level 
4 input 


Ex--0R function which may be viewed as 
a building block. This structure may be 
repeated four times, across four sets of 
four input bits generating partial interme- 
diate parity values which may then be 
treated through two boxes similar to Fig- 
ure 7-1 (B).These outputs are finally com- 
bined through an output Ex--0R at a 
PLHS501 output pin. Figure 7-3 shows 
the complete solution which requires 44 
NANOs plus one Ex--0R. 


A 
B 
AEIlB 
A 
B 
C 
AEIlB 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
1 
1 
0 
1 
0 
1 
0 
1 
1 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
Table 7-1(A). 
1 
0 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 


Table 7-1 (B). 


Table 7-1. 
Even Parity Funcllons 


)( 
B1:tl 
! 


~ 
0 


A~: 
A 
@ 
0 


B~: 


)( 
BC 
0 
C~: 
~ 
0 


o~: 
I 
ctl 
ABC 


I~ 


tl 


AEIlBEBcEllo 


4-lNPUT 
Ell-oR 
SYMBOl. 


II 
A 


12 
8 
RG. 
7-2 
13 
C 
It 
0 


RG. 
7-1(8) 


15 
A 
II 
8 
RG. 
7-2 
17 
C 
II 
0 
D-D 


It 
A 


110 
8 
RG. 
7-2 
111 
C 


112 
0 


113 
A 
II. 
8 
RG. 
7-2 
115 
C 
:r~=-:~~NE~~is + 1 Ex-oR. 
11S 
0 


Figure 7-3. 
16 Input Even Parity Generation 
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Two examples follow which were supplied by 
one of our European Sales Engineers, Nils 
Lindgren. The first, called 'pantet", calculates 
even and odd parity for 24 input literals. Several 
output options are available and the design 
uses a cascade with a different partitioning than 
just previously discussed, 


The second example "compare" implements, a 
16-bit comparator over 32 input bits. The de- 
sign generates outputs for conditions repre- 
senting the classic "EQUAL", 'AGTB" (A>B) 
and 
BGTA (B>A). The long, triangulanzed 
equation for T42 suggests that Nils found a 
clever editing approach to accurately enter a 


File 
Name 
: PARITET 


Date 
5/31/1988 
Time 
: 10:26:22 
,,,...".""""" 
.. P 
I N 
L 
I 5 T .." ..""" ......". 


Left 
Right 
LABEL 
FNC 
**PIN 
PIN** 
FNC 
LABEL 


VCC 
+5V 
8-1 
1-46 
+5V 
**VCC 
A 
I 
9-1 
1-45 
I 
**K 
B 
I 
10-1 
1-44 
I 
**J 
C 
I 
11-1 
P 
1-43 
I 
**1 
0 
I 
12-1 
L 
1-42 
I 
**H 
E 
I 
13-1 
H 
1-41 
I 
**G 
F 
I 
14-1 
5 
1-40 
/0 
**N/C 
N/C 
B 
15-1 
5 
1-39 
/0 
**N/C 


N/C 
B 
16-1 
0 
1-38 
/0 
**N/C 
N/C 
B 
17-1 
1 
1-37 
I 
**OEN 
N/C 
B 
18-1 
1-36 
a 
**N/C 
N/C 
a 
19-1 
1-35 
0 
**N/C 
GNO 
OV 
20-1 
1-34 
OV 
**GND 


Bottom 
Top 
LABEL 
FNC 
**PIN 
PIN** 
FNC 
LABEL 


N/C 
0 
21-1 
1- 7 
I 
**y 
N/C 
a 
22-1 
1- 6 
I 
**X 
ODD 
OC 
0 
23-1 
I- S 
I 
**V 
ODD 
/0 
24-1 
P 
1- 
4 
I 
**U 
EVEN 
/0 
25-1 
L 
1- 3 
I 
**T 
EVEN 
OC 
/0 
26-1 
H 
1- 
2 
I 
**5 
N/C 
/0 
27-1 
5 
I- I 
I 
**R 


N/C 
a 
28-1 
5 
I-52 
I 
**0 
N/C 
0 
29-1 
0 
I-51 
I 
**p 
N/C 
0 
30-1 
1 
I-50 
I 
**0 
N/C 
0 
31-1 
1-49 
I 
**N 
N/C 
0 
32-1 
1-48 
I 
**M 
N/C 
0 
33-1 
1-47 
I 
**L 


Figure 7..... 
PARITET PLHS501 
PinUs' 
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File Name 
: PARITET 
@DEVICE 
TYPE 


PLHS501 


@DRAWING 
@REVISION 
@DATE 


1988 


@SYMBOL 
@COMPANY 
Philips 
@NAME 


Nils 
Lindgren 


@DESCRIPTION 


24 
bit 
parity 
circuit 
@INTERNAL 
NODE 
JO J1 J2 J3 J4 J5 J6 J7 J8 J9 TO T1 T2 T3 
@COMMON 
PRODUCT 
TERM 
@I/O DIRECTION 
OE1-T2*T3*/OEN; 
OE2-/0EN; 
OE3~TO*T1*/OEN; 


@I/O STEERING 
@LOGIC 
EQUATION 
~FIRST 
LEVEL: 
'EVEN' FROM GROUPS 
OF THREE 
INPUTS· 


JO=/A*/B*/C 
+ 
IA*B*C 
+ 
A*/B*C 
+ 
A*B*/C: 
J1=/D*/E*/F 
+ /D*E*F 
+ D*/E*F 
+ D*E*/F; 


J2=/G*/H*/I 
+ /G*H*I 
+ G*/H*I 
+ G*H*/I; 
J3=/J*/K*/L 
+ /J*K*L 
+ J*/K*L 
+ J*K*/L; 
J4=/M*/N*/0 
+ /M*N*O 
+ M*/N*O 
+ M*N*/O; 
J5=/P*/Q*/R 
+ /P*Q*R 
+ P*/Q*R 
+ P*Q*/R; 


J6=/S*/T*/U 
+ 
/S*T*U 
+ 
S*/T*U 
+ 
S*T*/U; 


J7=/V*/x*/y 
+ 
!v*X*y 
+ 
V*/X*y 
+ 
V*X*/Y; 


'SECOND 
LEVEL: 
'EVEN' FROM FOUR GROUPS 
AT A TIME· 
J8~/JO*/J1*/J2*/J3 
+ /JO*/J1*J2*J3 
+ JO*J1*/J1*/J3 
+ /JO*J1*J2*J3 
+ JO*/J1*/J2*J3 
+ /JO*J1*/J2*J3 
+ JO*/J1*J2*/J3 
+ JO*Jl*J2*J3; 


J9~/J4*/J5*/J6*/J7 
+ /J4*/J5*J6*J7 
+ J4*J5*/J6*/J7 
+ /J4*J5*J6*J7 
+ J4*/J5*/J6*J7 
+ /J4*J5*/J6*J7 
+ J4*/J5*J6*/J7 
+ J4*J5*J6*J7; 
TO=/(J8*J9); 
T1=/I/J8*/J9); 
T2=/(J8*/J9); 
T3=/ (/J8*J9); 
ODD=/(T2*T3); 
EVEN=/(TO*T1); 
ODD_OC-O; 
EVEN_OC=/(l); 
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File 
Name 
: compare 


Date 
5/31/1988 


Time 
: 10:25:29 


"""""""""'" 


P I N 
LIS 
T """""""""'" 


Left 
Right 
LABEL 
FNC 
**PIN 
PIN** 
FNC 
LABEL 
VCC 
+5V 
8-1 
1-46 
+5V 
**VCC 


AD 
I 
9-1 
1-45 
I 
**82 


Al 
I 
10-1 
1-44 
I 
**81 


A2 
I 
11-1 
P 
1-43 
I 
**BO 


A3 
I 
12-1 
L 
1-42 
I 
**AF 
M 
I 
13-1 
H 
1-41 
I 
**AE 
A5 
I 
14-1 
S 
1-40 
I 
**AD 
A6 
I 
15-1 
5 
1-39 
I 
**AC 
A7 
I 
16-1 
0 
1-38 
I 
**AB 
A8 
I 
17-1 
1 
1-37 
I 
**AA 
A9 
I 
18-1 
1-36 
0 
**N/C 


N/C 
0 
19-1 
1-35 
0 
**N/C 


GND 
OV 
20-1 
1-34 
OV 
**GND 


Bottom 
Top 


LABEL 
FNC 
**PIN 
PIN** 
FNC 
LABEL 
EQUAL 
0 
21-1 
1- 7 
I 
**aF 


AGTB 
0 
22-1 
1- 6 
I 
**BE 
BGTA 
0 
23-1 
1- 5 
I 
**80 


N/C 
/0 
24-1 
P 
1- 4 
I 
**BC 


N/C 
/0 
25-1 
L 
1- 3 
I 
**BB 
N/C 
/0 
26-1 
H 
1- 2 
I 
**SA 
N/C 
/0 
27-1 
S 
I- I 
I 
**B9 
N/C 
0 
28-1 
5 
I-52 
I 
**B8 
N/C 
0 
29-1 
0 
I-51 
I 
**B7 
N/C 
0 
30-1 
1 
I-50 
I 
**86 
N/C 
0 
31-1 
1-49 
I 
**85 
N/C 
0 
32-1 
1-48 
I 
**84 
N/C 
0 
33-1 
1-47 
I 
**B3 


Figure 7~. 
PLHSS01 PlnUsI for 16-811 Comparalor 


File 
Name 
: compare 


Date 
5/31/1988 


Time: 
10:25:43 


@DEVICE 
TYPE 


PLHS501 


@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 


PHILIPS 


@NAME 
NILS 
LINDGREN 


@DESCRIPTION 
16 BIT COMPARATOR 
WITH 
THREE OUTPUTS: 


EQUAL,AGTB 
(A>B), AND BGTA 
(B>A) 
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@INTERNAL 
NODE 
Tl 
T2 
T3 
T4 
T5 
T9 
TI0 Tll T12 T13 


T17 T18 T19 T20 T21 
T25 T26 T27 T28 T29 
T41 T42 


@COMMON 
PRODUCT 
TERM 


@I/O 
DIRECTION 


@I/O STEERING 
@LOGIC 
EQUATION 


Tl=/(AF*/BF); 
T3~/ (AE*/BE) ; 
T5~/(AD*/BD); 
T7~/ (AC*/BC); 
T9~/ IAB*/BB) ; 
Tll~/ IM*/BAI; 
T13~/ IA9*/B9); 
T15~/ IA8*/B8) ; 
T17~/IA7*/B7); 
TI9~/ (A6*/B6); 
T21~/ (A5*/B5); 
T23~/ (A4*/B4) ; 
T25~/ (A3*/B3); 
T27~/ (A2*/B2) ; 
T29~/(Al*/B2); 
T31~/ (AO*/BO) ; 


T2~/ (lAF*BF); 
T4=/ (lAE*BE); 
T6~/ (lAD*BD); 
T8~/ (lAC*BC); 
T10~/ (lAB*BBI; 
TI2~/ (lM*BAI ; 
TI4:/ I/A9*B9); 
T16~/I/A8*B8); 
T18~/I/A7*B7); 
T20~/ (lA6*B6); 
T22~/ (lA5*B5); 
T24~/ (lA4*B4); 
T26~/ (lA3*B3); 
T28~/ (lA2*B2); 
T30~/ (lAl*Bl); 
T32~/ (lAO*BOI; 


T41~Tl*T2*T3*T4*T5*T6*T7*T8*T9*TI0*Tl1*TI2*TI3*T14*TI5*TI6*TI7* 


TI8*TI9*T20*T21*T22*T23*T24*T25*T26*T27*T28*T29*T30*T3I*T32; 


T42~ 
/Tl+ 
/T3*T2+ 
/T5*T4*T2+ 
/T7*T6*T4*T2+ 
/T9*T8*T6*T4*T2+ 
/Tll*TI0*T8*T6*T4*T2+ 
/TI3*TI2*Tl0*T8*T6*T4*T2+ 


1115*T14*T12*T10*T8*T6*T4*T2+ 


/T17*T16*T14*T12*110*T8*T6*T4*T2+ 


/119*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T21*T20*TI8*TI6*TI4*TI2*TI0*T8*T6*T4*T2+ 
/T23*T22*T20*TI8*TI6*TI4*TI2*TI0*T8*T6*T4*T2+ 


/T25*T24*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T27*T26*T24*T22*T20*TI8*TI6*T14*T12*TI0*T8*T6*T4*T2+ 
/T29*T28*T26*T24*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T31*T30*T28*T26*T24*T22*T20*T18*T16*T14*T12*Tl0*T8*T6*T4*T2; 


EQUAL~T41; 
AGTB:T42; 
BGTA~/(T41+T42); 
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Data Bus Operations 
The 
following 
is 
basically 
an 
academic 


example, posed for the sake of illustration. Sup- 
pose some special data bus operations are 
desirable. For the purpose of illustration, let's 
label the microprocessor 
bus output side as 
OOATD-OOAT15 
and 
the 
output 
of 
our 


PLHSS01 as 00-015. 
Basically, the micro- 


processor 
will output 
straight data and the 
PLHS501 will alter it according to some plan. 


We will replicate multiple identical cells, but 
theyneednotbe 
identical in practice. Table 7-2 


shows the operations to be done (just abcutany 
could be chosen, provided they meet the gate 
budget). 


12 
I, 
°OUT 


0 
0 
OOATI (pass) 


0 
1 
OOATI (complement) 


1 
0 
SWITCH 


1 
1 
DOUBLE SHIFT 


ODATI 
n2n, 


JODATI 
n2 
I' 


ODATI+Nn, 
12 


n2 
n, 
oDAn+2 


It may be observed that in one mode, the data 
passes directly, it complements 
in another, 


switches bits in another and rotates right in the 
last. Fourinputgates per bit are required to map 
the bits, and one output gate. Clearly, the 
straight PLHS501 NAND outputs can be judi- 
ciously used, but care must be taken when us- 
ing other output functions. A 1&-bit data bus 
requires 16 cell configuration where each cell 
is essentially identical to Figure 7~, 
but its in- 
ternal structure may be altered to account for 
the particular output pins logic function. 


INTRODUCTION 
Certain 
design 
techniques 
are 
used 
repeatedly by nearly all digital systems 
designers. ~ these useful building blocks 
occur with enough volume production, 
they become special purpose contenders 
for silicon manufacturers to justify render- 
ing as standard products. Some building 
blocks, however, are never viewed as 
likely candidates because the perform- 
ance requirements may be too high, the 
volumes not high enough, or it never oc- 
curred to marketeers that these sub- 
systems 
would 
be 
valuable. 
System 


designers could fashion solutions to these 
building blocks from glue logic or PLDs 
and sometimes small gate arrays. Several 
typical building blocks will be illustrated 
here - 
including a 4-byte datapipe, a 


small 
content 
addressable 
memory 


(CAM), a system resource scoreboard 
and a synchronous receiverltransmitter. 
The generation of each building block will 
be 
demonstrated 
w~h 
a 
Signetics 
PLHS502 (Figure 1-1). This device is ren- 
dered in the Programmable Macro Logic 


Application Notes 


Vol. 1 


(PML) arch~ecture which deftly bridges 
the gap between gate arrays andordinary 
PLDs. 


Designed 
with 
a 
high-speed 
bipolar 
process, 
the 
PLHS502 
combines 
64 
extremely wide foldback NANDgates with 
two 
types 
of 
internal 
flip-flops. 
The 
PLHS502 provides 8 internal D flip-flops 
and 8 internal S-R flip-flops. Each flip- 
flop can toggle in excess of 50MHz. 
These flip-flops are called "hard macro· 
flip-flops. Unique among such program- 
mable devices, each flip-flop has com- 
pletely independent clocking. This allows 
either external clocking (from four differ- 
ent pins) or internally derived clocking 
events. Ripple and synchronous control- 
lers may be freely mixed. 
It should be 
remembered that additional flip-flops and 
specially custom designed flip-flops may 
beconfigured from the NAND array. Clock 
independence is a requirement for gener- 
ating distinct internal sequencers and 
controllers. Additionally, ~should be noted 
that the flip-flop Q outputs cross the clock 


fusing array, but a outputs do not. The 
PLHS502 is packaged in a 68-pin PLCC. 


This application note consists of several 
sections. The nex1 section briefly de- 
scribes Signetics SNAP software pack- 
age 
for 
implementing 
PML 
designs. 


Section 3 describes the basic process for 
estimating whether a design will f~ into a 
PLHS502. In Section 4, some guidelines 
for designing 
synchronous 
state 
ma- 


chines are given with focus on efficient 
counter and shifterdesign. Specific exam- 
ples are included which may be easily 
mimiced for successful state machine de- 
sign. Additional guidelines are then pro- 
vided in Section 5, for optimizing a design 
before it is implemented 
w~h SNAP. 


These guidelines will help guarantee that 
SNAP implements the function precisely 
as needed. In Section 6, some larger ex- 
amples are provided which illustrate some 
interesting and unique capabilities of the 
PLHS502. Section 7 details a procedure 
for merging logic functions into flip-flops 
for faster, more efficient structures. 
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Signetics 


DEVELOPMENT 
SUPPORT 
Because 
the 
architecture 
encourages 


deep 
functional 
nesting, 
a new 
support 


tool has been developed. 
Synthesis, 
Net- 
list, Analysis 
and 
Program 
(SNAP) 
soft- 


ware 
defines 
a 
gate 
array 
type 


development 
environment. 
SNAP 
per- 


mits 
several 
forms 
of 
design 
capture 


(schematic, 
Boolean 
equations, 
state 


equations, 
etc.), 
a gate 
array 
simulator 


with 
back 
annotation, 
waveform 
display 


and 
a complete 
fault 
analyzer 
and final 


fusemap 
compilation 
and 
model 
metrac- 


tion. 
SNAP 
comes 
with a library 
of cells, 
and designs 
may 
be captured 
indepen- 
dently 
of the uhimate 
device 
that will im- 


plement 
the 
design. 
This 
permits 
the 


designer 
to migrate 
his design 
among 
a 


family 
of PML devices 
just as gate 
array 


designs 
can be moved 
to larger 
founda- 


tions 
when 
they do not route 
on smaller 
ones. 
Figure 
2-1 
shows 
the SNAP 
user 


interface 
"Shell" 
which 
dictates 
one 
se- 
quence 
of operations 
to complete 
a de- 


sign. 
Other 
sequences 
may be used. 


The top 
portion 
of the 
shell 
depicts 
the 


paths available 
for design 
entry. 
Any de- 
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sign may be implemented 
in anyone 
or a 
blend of all methods. 
For instance, 
a shift 
register might best be described 
schemat- 


ically 
but a decoder 
by logic equations. 


These 
may be united 
with 
a muhiplexor 
described 
by a tex1 netlist 
as well. 
Ulti- 


mately, 
each form 
of input will be trans- 
formed 
to a function 
nellist 
and passed 


either 
to the simulation 
section 
or to the 
compiler 
section. 
Waveform 
entry 
is for 
simulation 
stimuli. 


The 
simulator 
portion 
of 
SNAP 
is 
a 
5-State 
gate array simulator 
with full tim- 


ing 
information, 
setup 
and 
hold 
time 
checking, 
toggle 
and fauh grade 
analysis 
and the ability to display 
in a wide range of 
formats, 
any set of nodes 
within 
the de- 


sign. This permits 
a designer 
to zoom 
in 
with a synthetic 
logic state 
analyzer 
and 


view the behavior 
of any point 
in the de- 
sign. 
Simulations 
can occur with unit de- 
lays, 
estimations 
or 
exact 
delays. 
The 


sequence 
of operations 
depicted 
in Figure 
2-1 
is entirely 
arbitrary, 
as many 
other 
paths exist. 


It should 
be noted 
that the output 
of the 


"merger" 
block 
represents 
the composite 


design, 
but as yet is not associated 
to a 


PML device. 
This occurs 
in the compiler 


portion 
wherein 
association 
to the device 


occurs 
and a fuse map is compiled. 
This is 


analogous 
to placement 
and routing 
in a 


gate 
array 
environment. 
Because 
of the 


interconnectibilityof 
PML, this is not diffi- 


cult. 
Once 
compiled, 
the 
exact 
assign- 


ment 
of 
pins, 
gates 
and 
flip-flops 
is 


known, 
so 
timing 
parameters 
may 
be 


associated 
and a new simulation 
model 


generated 
with exact detailed 
timing 
em- 


bedded. 
The 
design 
may 
be 
simulated 


very accurately 
at this point, and ff correct, 


a part should 
be programmed. 


To 
facilitate 
future 
migration 
to 
work- 
stations, 
SNAP has been written 
largely in 


C. The 
internal 
design 
representation 
is 


EDIF (Electronic 
Design 
Interchange 
For- 


mat) 
compatible 
which 
permits 
straight- 


forward 
porting 
to 
many 
commercially 


viable 
environments. 
SNAP 
currently 
uti- 


lizes 
OrCAD 
for 
schematic 
entry 
with 


eminent 
availability 
of 
FutureNet™ 


DASH. 
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Signetics 


CAPACITY 
AND PARTITIONING 


CONSIDERATIONS 
One 
of the 
dominant 
attributes 
of PML 
architecture 
is its complete 
interconnecti- 


bil~y. Anyfunction-NAND, 
flip-flop, 
input 


and output 
structures, 
can be connected 


to any other. 
PML devices 
do not exhib~ 


the restricted 
interconnect 
bottleneck 
like 


other 
programmable 
gate arrays. 
If there 
is capacity 
within the part for a function, 
it 


can be connected 
withoutthe 
sad surprise 


ending 
of "nonroutability", 
Estimation 
for 


design fit is simply a matteroftallying 
func- 


tion usage against 
a fixed set of resources 


using a table lookup. An elementary 
table 
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of typical 
useful 
functions 
is provided 
in 
Table 3-1. 
Clearly 
Table 3-1 
shows 
only 


a few of the typical 
functions 
achievable 
and their relative 
"expense" 
from the total 
function 
budget. 
As with gate arrays, 
the 


designer 
needs 
only 
to 
implement 
the 


portion 
of his chosen 
function 
that is to be 
actually 
used. 


Fortunately, 
if the designer 
is using SNAP, 
all unused 
functions 
will be automatically 
eliminated, 
This is done by nellist analysis 


where 
SNAP 
observes 
an output 
within 
your 
circuit 
which 
is 
unconnected. 
It 
eliminates 
the 
unconnected 
gate 
and 


TABLE 3-1. 
PLHS502 
GATE EQUIVALENT 
TABLE 


INTERNAL 
NAND 
EQUIVALENT 


NANDs 
ANDs 
NORs 
ORs 


Gate Macro Flip-Flops: 


D-FF 
SR-FF 


Gate Implemented Flip-Flops: 


D-FF 
T-FF 
J-K-FF 
Transparent-D 
Latch 
S-R Latch 


3 to 8 
4 to 16 
5 to 32 


8 to 3 
16 t04 
32 t05 


4 to 1 
8 to 1 
16 to 1 
27 to 1 


reanalyzes 
to see if there are more uncon- 
nected gates in the design. 
The procedure 
~erates 
until 
there 
are 
no more 
uncon- 


nected gates. When estimating 
whether 
a 
function 
will f~ or not, the values 
in Table 
3-1, 
if used without 
modification, 
should 


result in a high gate count. So, to more ac- 
curately 
assess f~, they should be derated 


to account 
for automatic 
netlist trimming, 


As well, the estimator 
should consider 
log- 
ic functions 
which 
can 
be 
obtained 
for 
'1ree" from 
input buffers 
and output 
func- 


tions. 
Guidelines, 
provided 
in Section 
5, 


will illustrate 
this process. 


For 1 to 32-pin input variables 
Add'i internal inputs can be used as needed 
Add'i internal inputs can be used as needed 
Add'i internal inputs can be used as needed 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available 
Can address only 27 externally inputs - more if internal only. 
This disallows clock inputs to flip-flop, 


PLHS502 
Rough Resource Budget = 64 NANDs, 8 D, 8 SR, 24 inputs, 16 outputs, 8 bidirect. 


With async &-R 
With async &-R 
With async &-R 
With async &-R 
With async &-R 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available 
(24 chip outputs only) 


Signetics 


STATE MACHINE 
DESIGN 


Synchronous 
state machines 
can be clas- 


sified in roughly 
three practical 
categories 


- 
sequence 
generators, 
sequence 
de- 


tectors 
and controllers. 
These can also be 


subcategorized 
as 
Mealy, 
Moore, 
finite 


state, linear, etc. 
A very large application 


market 
is covered, 
by considering 
the ba- 


sic design 
of counters 
and 
shifters 
be- 


cause 
a counter 
(with possible 
decoding) 


can be viewed 
as a generalized 
sequence 


generator 
and 
a shifter 
(with 
decoding) 


can be viewed 
as a sequence 
detector. 
A 


couple of small examples 
should 
illustrate 


the basic 
principles 
of flip-flop 
selection, 
picking 
optimal 
solutions 
and trading 
off 
hard 
macro 
and 
soft 
macro 
functions. 
First, 
a few 
small 
counters 
will 
be 
dis- 


()() 
01 
11 
10 


()() 
0---)1 
O---)Q 
1---)1 
1---)Q 


01 
O---)Q O---)Q 
1---)1 
1---)1 


11 
O---)Q 0---)1 
1---)Q 
1---)1 


10 
O---)Q O---)Q 
1---)1 
1---)1 
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cussed 
in detail 
from 
a logic 
viewpoint. 


Then, 
small shifters 
will be shown. 
These 
basic 
designs 
are 
extendible 
so that 
a 


designer 
can 
recognize 
the 
patterns 
to 
make the counters 
and shifters 
bigger 
if 


necessary. 
In the next section, 
some gen- 


eral guidelines 
forgetting 
"smaller, tighter" 


designs 
will be given. 


Counter 
Design Notes 
A straightforward 
3-bit 
up/down 
counter 
transition 
table 
is 
depicted 
in 
Figure 
4-1 (a). 
The 
state 
variables 
are 
desig- 


nated A, B, C and the direction 
control 
is 
U. Up counting 
occurs 
when 
U = 1 and 
down counting 
occurs when U = O. Figure 


4-1 (b) shows four variable 
maps with the 
next state transitions 
at the current 
state 


P.S. 
N.S. 
N.S. 


U 
0 
U 
1 


A 
B 
C 
A 
B 
C 
A 
B 
C 


0 
0 
0 
1 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
0 
1 
0 
0 
1 
0 
0 
0 
1 
1 
1 
0 
1 
1 
0 
1 
1 
0 
0 
1 
1 
0 
1 
1 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 


COUNTER 
STATE TABLE 


(a) 


00 
01 
11 
10 


00 
0---)1 
1---)0 
1---)0 
0---)1 


01 
O---)Q 1---)1 
1---)1 
O---)Q 


11 
0---)1 
1---)Q 
1---)Q 
0---)1 


10 
O---)Q 1---)1 
1---)1 
O---)Q 


B 
TRANSITIONS 


(b) 


and input intersections. 
These transitions 


will be useful 
in reference 
to Figures 
4-2, 


4-3 and 4-4 where the design 
is cast onto 


D, S-R 
and J-K 
flip-flop 
solutions. 


We will not initially be interested 
in the full 


design details but rather, only on the num- 
ber of product 
terms 
and sum terms 
for 


each 
solution. 
Figure 
4-2(b) 
shows 
the 


K-map 
loops 
for 
a D flip-flop 
solu1ion. 


Figure 
4-2(a) 
shows 
the required 
transi- 


tions 
used to generate 
the three 
maps in 
Figure 4-2(b). 
There are 9 loops forthe 
A 
and B variables 
requiring 
9 product 
terms 


and 2 sum terms 
for driving 
the A and B 


flip-flops. 
The C flip-flop 
requires 
no addi- 


tionallogic. 
Note the "SUM"terms 
are free 


on PLHS502 
D flip-flops 
because 
of the 


embedded 
NANDs. 


00 
01 
11 
10 


00 
0---)1 
0---)1 
0---)1 
0---)1 


01 
0---)1 
0---)1 
0---)1 
0---)1 


11 
1---)Q 
1---)Q 
1---)Q 
1---)Q 


10 
1---)Q 
1---)Q 
1---)Q 
1---)Q 
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O~O 
0~1 
1~ 
1~1 
D =0 
D=l 
D=O 
D=l 


(a) 


AB 
AB 
AB 


CU 
A 
CU 
CU 


C) 
0 
0 


0 
0 


c[ 
0 
CD 


0 
0 
'----' 
B 


DA 


DA takes 5 P- Terms 
DB takes 4 P- Terms 
DC takes 0 P-Terms 
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C) 
0 
x 
0 


0 
0 
x 
X 


SA 


0 0 
0 
x 


0 
0 
x 
x 


0 
x 
0 
C) 


x 
x 
0 
0 


RA 


X 
0 
C) 
0 


x 
x 
0 
0 


0 
0 
0 
0 


0 
x 
x 
0 
0 
0 
0 
0 


AB 
AB 
cu 


0 
0 
0 
0 
0 


x 
0 
0 
0 
0 
RC 
0 


X 
0 
0 
x 


o~o 
s: 
0 
R: X 


O~1 
1 
o 


1~ 
o 
1 


1~1 
X 
o 
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O--)() 
0---)1 
1--)() 
1---)1 


J: 
0 
1 
X 
X 
K: 
X 
X 
1 
0 


(a) 


AB 
AB 


CU 
CU 


X 
X 


0 
X 
X 
0 


X 
X 


0 
0 
X 
X 
0 
X 
X 
0 


JA 
2P 
1S 
P = Product Terms 
KA 
OP 
OS 
S = Sum Terms 
JB 
2P 
1S 
KB 
OP 
OS 
JC 
OP 
OS 
JC 
QE 
Q.S 
4P 
2S 


Figure 4--3 shows the same design implem- 
entedwith S-R flip-flops. 
Figure 4--3 (a) shows 


the required S-R transitions and Figure 4--3(b) 
maps them onto the corresponding state vari- 
able maps. Tallying the loops, we find a total of 
8 product terms and 4 sum terms. Again, the 


sum terms are free. 


flops. Figure 4-4(a) shows the transitions and 
Figure 4-4(b) the K-map loops. Again tallying 
yields 4 product terms and 4 sum terms. The C 
variable is realized by J = K = 1using no product 


terms, 
or sum terms. 


From standard logic design we know that D flip- 
flops will increase product terms (no don't care 
transitions), S-R flip-flops 
are less dramatic 


1 
1 
1 
1 


1 
1 
1 
1 


JC 
X 
X 
X 
X 


X 
X 
X 
X 


X 
X 
X 
X 


X 
X 
X 
X 


KC 
1 
1 
1 
1 


1 
1 
1 
1 


and J-Ks increase product terms the least (i.e., 
maximum don't cares). 


However, the PLHS502 has no J-K flip-flops. 
For simple toggling, the D flip-flop requires no 
additional circuitry and is the smallest (usually 
fastest) implementation. So, Ds should always 
be assigned for the least significant bit. 


PLHSS02 Application 
Notes 
Vol. 1 


If required, J-K flip-flops 
can be constructed 


from 
D flip-flops 
by utilizing 
the 
structure 
shown in Figure4-5, as a substitution. The sum 
term is taken from the NAND physically con- 
nected to the D flip-flop and the K input may be 
derivable from either an input inverter or a 0 
from a flip-flop. There will be a penalty for using 
this structure from a speed point, but it may 
save gates if used judiciously. 


This example assumes the designer is imple- 
menting the counter with the internal hard mac- 
ro flip-flops. 
If the design is being generated 


from the NAND array only, it should be noted 
that the payoff will be interestingly 
different. 


The D flip-flop requires 6 NANDs and the J-K 
flip-flop will require 10 NANDs.ln 
this version, 
the sum terms cost an additional NAND gate 


each. 
So, 
the 
3-bit 
up/down 
counter 
will 
require: 


Flip-flops: 
3x6= 
18 


Sum terms 
2 


Prod. terms 
~ 


Total 
29 
gates 


The same design built from J-Ks configured 
from NANDs will require: 


Flip-flops' 
3 x 10 = 30 


The all D version looks pretty good at this point 
from a total gate count view. Let's take a closer 
look at the D flip-flop solution: 


Figure 4-6 shows the D flip-flop solution with 
all prime implicants looped and the correspond- 


ing transition 
equations 
are 
below. 
This is im- 


plemented in Figure 4-7 using conventional D 
flip-flops in the PLHS502. An alternate solution 
would be to substitute the 6 NAND D flip-flop 
for each D-box in Figure 4-7, buta better (only 
25 gates!) solution can be achieved by merging 
the logic gates on the input of the flip-flops right 
into the NAND flip-flop structure as shown in 
Figure 4-a. This technique was described in 
PLHS501 Applications Notes Volume 2. 


DA 
}l;BCU + JrnCU 
+ ABC + ABU + ACU 
DB 
BCU 
+ BCU + BCU 
+ BCU 
DC 
C 


CLOCK 


SETH 
! 
U 
! 


c 
U 


A 
B 
B 
C 


C 


A 
U 


B 
C 
U 


A 
C 


U 
u 


U 
B 


A 
C 


C 
U 


U 


RESETN 


TOTAL 
COST 
3 
D-FFS 


+ 
8 
GATES 


PLHS502 Application 
Notes 
Vol. 1 
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262 
lU272 
NU 
N 
NV 
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A couple of final notes on counter design. The 
basic structure for a simple up counter is shown 
in Figure 4-9. This one uses a D fli~flop 
least 


significant bit and a generic format for high 
order bits, as shown. Note that only 2 product 


terms per bit are needed. 


Down counters can be treated similarly. Fairly 


general sequence generators 
can be confi- 


gured 
from 
counters 
by 
simply 
adding 
a 


combinational decoder, as needed. One final 
counter 
example 
is shown in Figure 4-10 
wherein a lo--t>it counter is defined using the 
SNAP Boolean equation formal. Note that the 
logic equations follow the format described in 


Figure 4-9. All resets are shared as well as all 
clocks. 
This design would require eight hard 
macro 5-R flip-flops, 
one hard macro D fli~ 


flop and one additional 5-R 
fli~op 
which 


SNAP would automatically 
configure from a 


hard macro D fli~flop. 


MOST 
SlGNlACANT 
BIT 


QOUTPUTS 
INTERMEDIATE 
LOWER 
THAN 
S 
Q 
BIT 
THIS CElL 


CLOCK 


QOUTPUTS 
LOWER 
THAN 
R 
U 
THIS CElL 


LEAST 
SIGNIFICANT 
Q 


CLOCK 


0 


NOTE: 
Asynchronous 
reset is not shown. 


Figure 4-9. 
Up Counter Structure 
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@PINLIsT 
CLOCK 
I; RESET 
I; 
A 
0; 
B 
0; 
C 
0; 
D 
0; 
E 
D; 
F 
0; 
G 
0; 
H 
0; 
I 
0; 
L 
0; 


A.D 
B.s 
B.R 
c.s 
C.R 
D.s 
D.R 
E.s 
E.R 
F.s 
F.R 
G.S 
G.R 
H.s 
H.R 
1.5 
1.R 
L.s 
L.R 
A.RsT 
~ 
B.RsT 
~ 


C.RsT 
~ 


D .RsT ~ 
E. RsT ~ 
F .RsT ~ 
G .RsT ~ 
H .RsT ~ 
1.RsT ~ 
L. RsT ~ 
A.CLK 
~ 


B.CLK 
~ 
C.CLK 
~ 
D.CLK 
~ 
E .CLK ~ 
F .CLK ~ 
G .CLK ~ 
H .CLK ~ 
1.CLK 
~ 
L.CLK 
~ 


/A; 
/B'A; 
B*A; 
/C*A*B; 
C*A*B; 
/D*A*B*C; 
D*A*B*C; 
/E*A*B*C*D; 
E*A*B*C*D; 
/F*A*B*C*D*E; 
F*A*B*C*D*E; 
/G*A*B*C*D*E*F; 
G*A*B*C*D*E*F; 
/H*A*B*C*D*E*F*G; 
H*A*B*C*D*E*F*G; 
/I*A*B*C*D*E*F*G*H; 
I*A*B*C*D*E*F*G*H; 
/L*A*B*C*D*E*F*G*H*I; 
L*A*B*C*D*E*F*G*H*I; 
/REsET; 
/REsET; 
/REsET; 
/REsET; 
/REsET; 
/REsET; 
/REsET; 
/REsET; 
/REsET; 
/REsET; 
CLOCK; 
CLOCK; 
CLOCK; 
CLOCK; 
CLOCK; 
CLOCK; 
CLOCK; 
CLOCK; 
CLOCK; 
CLOCK; 


Shifter Design Notes 
Efficient shifter design is critical to achieve the 
fastest, most economical PLHS502 secuence 
recognizers. 
For ideal shifters, no additional 


gates should be recuired if the designer cor- 
rec~y exploits the hard macro flip-flops for the 
part. Normally, one views a shifter as an input 
to 0, Q to 0, Q to 0, etc., like circus elephants 
walking nose to tail. But, the PLHS502 0 flip- 
flop has an embedded NAND gate which, for 
this type of design, appears to "get in the way". 


By recognizing the availability of the a output, 
if it is used instead, the design 
procedure 
remains "nose to tail" substituting a for Q into 
the NAND (using only one input). Should a fan- 
cier shifter be recuired (see the Synchronous 
ReceiverfTransmitter 
design at the end), the 
designer may choose to even implement soft 
macro "merged" shifter flip-flops. 


structure flip-flops. 
If one were to design a 
schematic with 26 0 flip-flop cells in cascade, 
SNAP would configure the first 8 from the hard 
macro Os, the next8 from the hard macro S-Rs 
and the last 10 from the NAND array. 


The maximum internal "all shifter" capacity of 
the PLHS502 is 26 bits, assuming conventional 


An example illustrating a nonschematic cap- 
tured 3-bit 
shifter follows. Figure 4-11 illus- 


tratesits' state diagram, Figure4-12 
shows the 


state equation solution and Figure 4-13 shows 
the very compact Boolean ecuation solution. 


@PINLIST 
CLOCK I; 
QA 
0; 


RESET I; 
QB 
0; 


DATA 
I; 
QC 
O' 
@INPUT 
VECTORS 


Il 
- 
DATA; 


10 
= 
IDATA; 


@OUTPUT 
VECTORS 


@STATE 
VECTORS 


[QA, 
QB, 
QCJ; 


50 
= 
000 
B; 


51 
= 
001 
B' 


52 
= 
010 
B' 


53 
= 
011 
B' 


54 
= 
100 
B' 


55 
= 
101 
B' 


S6 
= 
110 
B; 


57 
= 
111 
B; 
@TRAN5ITION5 
WHILE 
[ J 
IF RESET 
THEN 
[50] 
WHILE 
[SOJ 
IF 
Il 
THEN 
[S4] 
IF 
10 
THEN 
[SOJ 
WHILE 
[51J 
IF 
Il 
THEN 
[55J 


IF 
10 
THEN 
[50J 


WHILE 
[52J 
IF 
Il 
THEN 
[55J 


IF 
10 
THEN 
[51J 


WHILE 
[53] 
IF 
Il 
THEN 
[55J 


IF 
10 
THEN 
[51J 
WHILE 
[S4J 
IF 
Il 
THEN 
[S6] 
IF 
10 
THEN 
[52J 
WHILE 
[S5J 


IF 
Il 
THEN 
[S6J 
IF 
10 
THEN 
[52] 
WHILE 
[56J 
IF 
Il 
THEN 
[57] 
IF 
10 
THEN 
[53J 
WHILE 
[57J 
IF 
Il 
THEN 
[57J 
IF 
10 
THEN 
[53J 


Figure 4-12. 3-Blt Shllter- 
State Equations 


@PINLIST 
CLOCK I; 
DATA 
I; 


RE5ET I; 
QA 
0; 


QB 
0; 


QC 
0; 


@LOGIC 
EQUATIONS 


QA.D 
QB.D 
QC.D 
QA.R5T 
QB.RST 
QC.RST 
QA.CLK 
QB/CLK 
QC.CLK 


= DATA; 


QA; 
QB; 
RE5ET; 
RE5ET; 
RESET; 
CLOCK; 
CLOCK; 
CLOCK; 


Figure 4-13. 3-Bit Shilter- 
Boolean Solution 


Signetics 


ADDITIONAL 
DESIGN 


GUIDELINES 
The following guideline summary is by 
no means complete. Rather, it is a list 
of straightforward substitutions which the 
designer can make to help guarantee that 
the design fits. The basic approach is to 
build the design using the basic building 
blocks 
of 
the 
architecture. 
For 
the 


PLHS502 this means using NAND gates, 
D flip-flops and S-R flip-flops. To make 
this clear, we will enumerate and illustrate 
good basic design substitutions. 


1. Use NAND gates whenever possible. 


2. Use S-R flip-flops for counters over 4 


bits long. 


3. Use D flip-flops 
(if possible) for the 


PLHS502 
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least significant counter bit. 


4. If possible eliminate NOR functions by 
converting to AND with complemented 
input (use"Clanflip-flops and available 
input complements). 


5. AND gates which feed NAND gates 
can be replaced by wider NAND gates 
(exploit NAND width). 


6. Eliminate all extra inversions by ex- 
ploiting input complements and flip- 
flop 10 outputs. 


7. If you exceed your flip-flop budget of 
hard flip-flops, put the most complex 
flip-flop configurations into soft mac- 
ros (see Section 6). Fold the gating 
function into the flip-flop. 


8. Careful output pin assignment can re- 
sult in afree logicfunction asthe signal 


leaves the device. So, assign com- 
plemented, buffered outputs accord- 
ingly. Exciusive-OR/parity 
controlled 
outputs are slower, so assign them ac- 
cordingly. 


9. Build toggle chains out of D flip-flops, 


then S-A flip-flops, to conserve NAND 
gates. 


10.The NAND-Ieeding 
D-FF 
structure 
may be thought of as an AND-feeding 
D-FF with a and "Clreversed. 


11.For very large counters, oonverting D- 


FFs to J-K FFs may be appropriate. If 
necessary, then do so. 


12.Efficient 
methods for 
implementing 
Exclusive--0R functions are described 
in PLHS501 Applications Notes Vol- 
ume 2. 
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(b) 


=D- 
-- 
=Q--{>o- 


(a) 
~QI 


=[]= 


o 
CLOCK 
__ 


K 
0 


ADDITIONAL 
PLHS502 
APPLICATIONS 
These 
examples 
illustrate 
various 
appli- 


cations 
the PLHS502 
is capable 
of, which 


are quite interesting. 


Byte Data Pipe 
A common 
system 
building 
block 
is the 


byte 
data 
pipe 
illustrated 
in Figure 
6--1. 


This elementary 
structure 
illustrates 
a par- 


allel 
cascade 
of 
octal 
registers 
where 


each tier is independently 
clocked. 
Data 


arrives 
at the input pins and is clocked 
in 


by clock 
A. After 
settling, 
this 
is clocked 


into the second 
tier by clock B, the third tier 


by clock 
e and the output 
tier by clock 
D. 


The two 
center 
registers 
are generated 
from NAND gate transparent 
latches com- 
prised 
of three 
gates. 
This classic 
three- 


gate latch has a static hazard 
in the ones, 
but careful 
timing 
and masking 
the input 


and output 
logical 
image 
to the 
outside 
world, 
with edge triggered 
registers, 
es- 
sentially 
eliminates 
this 
evidence. 
This 
consumes 
48 of the 64 gates budget in the 


PLHS502. 
The remaining 
gates may now 


be used as needed 
to configure 
this data 
path for a more specific 
applications 
such 
as: 
a. A 
distributed 
decoder 
as in a RiSe 
pipeline. 
Each remaining 
gates can de- 


tect 32-bit 
internal 
state combinations 


(expanded 
to 40 bits 
if simu~aneous 


examination 
of the 
input 
pins 
is de- 


sired). 


b. A 4-byte 
queue for interprocessor 
and 


processor 
to bus communications 
and 


synchronization. 


c. 
A 3-, 4-, or 5-byte 
sequence 
detector 


for byte oriented 
protocols. 


Clearly, one of the internal register tiers could 
be freed up or the arrangement altered to have 
a three position data pipe and a group of 5-R 
registers to implement a bus handshaker or in- 
ternal counters for a queue pointer, etc. 
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Custom 
CAMS 
Another common block used in memory and 
1/0 systems today is the content addressable 
memory 
(CAM), 
illustrated 
in 
Figure 
6-2. 
These are used for associative searching and 
often implement the TAG structure or VALID bit 
structure for the translation lookaside buffer in 
a cache system. CAMs more closely resemble 
a small register array where each cell has an in- 
dependent data compare operation with a glob- 
al polling mechanism. This example illustrates 
the PlHS502's 
ability to realize a small, rela- 
tively fast 4X4 CAM. In this example, the 16 
register cells are made with the 0 flip-flop and 
the S-R flip-flops configured as Os. Each flip- 
flop output is compared toa corresponding data 
input with 
a coincidence 
function which 
is 


generated from three NANOs. Groups of four 
comparators are then ANDed together to gen- 
erate the HIT signals indicating the presence of 
a 4--bit item. If speed and gate economy are 
required, the composite compare function can 
be generated, exploiting wide gates rather than 
deep cascades. 


The CAM operation is simple. The CAM must 
first be loaded, with four bits in each tier. load- 
ing was chosen to be 4--bit parallel with inde- 
pendent clocking. This allows "one transaction" 
replacement and is the most flexible approach 
for implementing 
arbitrary updating policies. 


Once it is loaded, the 4-bit data is applied on 
the same lines (this could easily be changed to 
four different lines). When a value is applied, a 


"HIT" is generated if the current value matches 
one of the stored 4-bit items. How the "HIT" is 
used by the outside system is system depen- 
dent. If a value is applied and there is no "HIT," 
there is no response. Again, there are a number 
of remaining internal NAND gates as well as 
most of the gates tied to the 1/0 pins to perform 
additional tasks and adapt the behavior of this 
building block. 


This is a very efficient structure to implement a 
direct mapped cache, where four 1-megaword 
regions could create the logical image of a 
16-megaword 
region. 
The time from valid 
address to valid "HIT" is about 20 nanoseconds 
-max. 
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Basically, one bit in the Scoreboard is assigned 
to each distinct functional unit or independent 
data register. When a request (from anywhere) 
arrives for that unit, itis assigned unless the unit 
is busy. This locks out future assignment until 
that resource is released. For an elementary 
Scoreboard, the basic requirement is indepen- 
dent registers cells (i.e., must be able to re- 
quest, assign and release each one, essentially 
asynchronously). Figure &-5 shows an imple- 
mentation of a 9--element Scoreboard. This 
requires 27 inputs and 9 outputs (using cell 


version 1) and leaves 5 bi-directional 
lines, 7 


outputs and most of the foldback NANOs. A 
global reset may be added by logically ORing 
each release signal with a global reset through 
the NAND function tied to each flip-flop. This 
design uses the 80 flip-flops and one S-R flip- 
flop per status sentinel. This leaves ?flip-flops 
to implement additional functions as well. 


Input pins can be freed up if an extemal dock 
is assigned to all of the allocate signals and 
each request is gated with the flip-flops current 
status (cell version 2). The rendition using cell 
version 2 still permits independent release of 
each cell. 


System Scoreboard 
High 
digital 
system 
throughput 
may 
be 


achieved by allowing high-speed 
processors 


to run independently at their own rate. Hence, 
operation speed is only limited when data or 
function dependencies occur. This requires a 
special sort of synchronization mechanism to 
allow independent processes to realign when 
necessary. A classic 
solution to this is the 


Scoreboard concept, illustrated in Figure 6--3. 
In essence, this is an overall system register 
with independent status bits assigned to specif- 
ic functional units and data registers. The idea 
is an old one, but has recendy resurfaced since 
modem RISC designers have begun resurrect- 
ing highly parallel CISC architectured artifacts. 


The concept is valid for a computer system 
where resources are all viewed as independent 
processors. 


REQUEST 
3 


~ 
~ 
P 


1 ASSIGNED 


REQUEST 
2 


2 ASSIGNED 
--1 


3 ASSIGNED 


REQUEST 
1 
CEll 1 
CEll 2 
CEll 
3 


REQUESTS 


~ 
~ 
P 


4 ASSIGNED 


REQUEST 
5 


5 ASSIGNED 
--1 


6 ASSIGNED 


REQUEST 
4 
CELL4 
CEll 
5 
CEll 
6 


REQUEST> 


~ 
~ 
P 


7 ASSIGNED 


REQUEST 
8 


8 ASSIGNED 
--1 


a ASSIGNED 


REQUEST 
7 
CEll 
7 
CEll 
8 
CElla 


Synchronous 
Recelverl 
Transmitter 
This system building block is an elementary 
synchronous receiver and transmitter. This ex- 
ample will illustrate multiple independent state 
machine designs as well as some standard de- 
sign techniques to utilize every available func- 
tion component out of the PLHS502. 
Figure 


6-4 shows the elementary structure of the syn- 


chronous 
serial 
communication 
device. 
Basi- 


cally, it is two independent 
machines where 


each half is comprised of a counter and shilter. 
Figure &--5depicts the high-jevel schematic of 
Figure 6-4. The transmitter must load a byte in 
parallel and ship the contents out serially. The 
receiver must receive serial data and indicate 
the presence of a correc~y framed byte. From 
partitioning considerations,the 
counters will be 


be generated from the internal S-R flip--jlops. 
The shilters can be made from the internal 0 
flip-jlops 
but the requirement is for at least 16 


o flip--jlops - 
which means at least 8 must be 


constructed from NANOs. Intuitively, it would 
be best to exploit the free NAND on the hard 
macro 0 flip-flops to construct a simple MUX 
for each D-<::ellas shown in Figure &--Sa.This 
would use 16 NANOs. Then, the receive regis- 
ter could be constructed from an octal cascade 
of flip-flops constructed from six NAN Os each 
(Figure 6--6b). This would use 48 NAND gates 
and expend the rest of foldback array. This 
would create a problem to complete the design 


of the byte counters because they each require 
four gates to construct the drive terms for the S- 
R flip-flops. An old gate array trick is very ap- 
propriate here. Figure 6--6c shows a 2--input 
multiplexor driving a &--gate 0 flip--jlop. By log- 
ical merging and exploiting the width and nest- 
ing depth of PML, one can get the entire 
function realized by the final cell version of Fig- 
ure 6--6d, which takes only seven gates to do 
the entire cell. Hence, making the transmitter 
from 
56 NANOs (8 copies of the 7-gate cell) 
gives 81eltover foldback NANOs for the gener- 
ation of two 3-bit counters. It should be noted 
that this is a faster solution because the 0 sig- 
nal passes through as many gates as without 
the multiplexor. Two levels of time delay are 
achieved instantaneously, as shown in Figure 
6--6, T1 = T3 which is less than T2. The receive 
register is simply constructed from the hard 
macro 
0 flip-flops 
in direct cascade. 
This 


leaves many remaining input and output pins 
which can be used elsewhere (i.e., fast 1/0 de- 
code and such) for other system needs. One 
obvious addition would be to implementdecode 
of specific characters from the receive buffer 
using the many remaining output pins. 


Figure &--7 shows the schematic of one of the 
3-t>it counter modules which permit byte fram- 
ing in the receiver and transmitter. Figure 6--6 
through 
&--10 detail 
the 
exact 
schematics 


used to 
complete 
the 
receiverltransmitter 
("RECTRAN") design. 


Figure &--11shows the SNAP simulation of the 
7-gate composite cell alternately loading and 
shifting. In Figure 6-11, the text shown at the 
top is the Simulation Control File which consti- 
tutes the stimuli vectors for the simulation. The 
waveform below depicts the stimuli and corre- 
sponding response vectors. Incidentally, the 
two remaining S-R flip--jlops can be used for 
anything, 
but one can signal a data available 


condition to the outside world for the receiver 
and the other can indicate Busy or Done for the 
transmitter to reflect some status to the outside 
world. 


A complete series of simulation is presented in 
Figures 6-12 
through &--15. The simulation 
controlfile depicted in Figure &--16performs the 


operations 
whose result waveforms are shown 
in Figures 6-13 
through &--15. Figure &--17 


shows the SNAP macro nellist which binds the 
smaller pieces of the overall design together. 
Figure 6-18 provides the nellist which consti- 
tutes the receiver piece of RECTRAN while Fig- 
ure &--19 gives the same for the transmitter. 
Expanding the hierarchy, Figure 6-20 displays 
the exact ne~ist for the "flopcell" and Figure 
6-21 shows how the ne~ist for one of the three 
bit counters appears. The entire RECTRAN de- 
sign was captured schematically using OrCAOI 
SOT. 
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Control 
File 
for 
Flopcell 
1. 
Reset 
issued 
initially 
2. 
Define 
a 
repetitive 
clock 
@ 
lOMHz 
3. 
Load 
a 
logical 
one 
4. 
Switch 
mode 
to 
shift, 
and 
shift 
in 
a 
logical 
zero 
5. 
Load a logical 
zero 
6. 
Switch 
mode 
to 
shift, 
and 
shift 
in 
a 
logical 
one 


7. 
Issue 
another 
reset 


5 1(20,40,450,470lreset 
5 0(50,lOO,etc.)clock 
5 0(45,70,245,270l1od 
shf 
5 0(45,90)datin 
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RECTRAN 
SCH 
I (CLKR,CLKT,CLR,LODSHF,PDIN1,PDIN2,PDIN3,PDIN4, 


PDIN5,PDIN6,PDIN7,PDIN8,OPREV,RESETR,RESETT,SDIN) 
0(PDOUT1, 


PDOUT2,PDOUT3,PDOUT4,PDOUT5,PDOUT6,PDOUT7,PDOUT8,Ol,02, 
03,04,05,06,SDOUTI 


CELL_REC_O_O 
REC 
I(CLKR,RESETR,SDIN) 
0(PDOUT1,PDOUT2,PDOUT3, 


# 
PDOUT4,PDOUT5,PDOUT6,PDOUT7,PDOUT8) 


BLK01 
TRANS 
I(CLKT,LODSHF,PDIN1,PDIN2,POIN3,PDIN4,PDIN5, 


# PDIN6,PDIN7,PDIN8,OPREV,RESETT) 
O(SDOUTI 


BLK02 
COUNTER3 
IICLKR,CLRI 
0101,02,03) 


BLK03 
COUTNER3 
I(CLKT,CLRI 
0104,05,06) 


U1 DFFR 
I (SDOUTR,CLOCKR,RESETRI 
0(PDOUT1,DM011 


U2 OFFR 
I(PDOUT1,CLOCKR,RESETR) 
0(PDOUT2,DM02) 


U3 DFFR 
I (PDOUT2,CLOCKR,RESETR) 
o (PDOUT3,DM03) 


U4 DFFR 
I (PDOUT3,CLOCKR,RESETR) 
0IPDOUT4,DM04) 


U5 DFFR 
IIPDOUT7,CLOCKR,RESETR) 
0(PDOUT8,DM05) 


U6 DFFR 
IIPDOUT6,CLOCKR,RESETR) 
0(PDOUT7,DM06) 


U7 DFFR 
I (PDOUT5,CLOCKR,RESETR) 
0(PDOUT6,DM07) 


U8 DFFR 
IIPDOUT4,CLOCKR,RESETR) 
0(PDOUT5,DM08) 
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*********************************************** 
* 
Output 
of 
Netgene 
Version 
1.0 
* 
* Date: 
1/ 
5/1989 
Time: 
13:37:13 
* 
*********************************************** 
* 
* 
* Input 
File 
Name 
* Netlist 
File 
TRANS.EDF 
TRANS.MAC 


Z TRANS_SCH 
I (CLOCK,LODSHF,PDIN1,PDIN2,PDIN3,PDIN4,PDIN5, 
* PDIN6,PDIN7,PDIN8,QPREV,RESET) 
O(SDOUT) 
* 
U1 
IN 
I(LODSHF) 
O(SN01) 
u2 
NIN 
I(LODSHF) 
O(SN09) 
BLK01 
FLOPCELL 
I (CLOCK,PDIN1,SN01,QPREV,RESET,SN09) 
O(SN02, 


* DM01) 
BLK02 
FLOPCELL 
I (CLOCK,PDIN2,SN01,SN02,RESET,SN09) 
O(SN03, 


I DM02) 
BLK03 
FLOPCELL 
I (CLOCK,PDIN3,SN01,SN03,RESET,SN09) 
O(SN04, 
I 
DM03) 
BLK04 
FLOPCELL 
I (CLOCK,PDIN4,SN01,SN04,RESET,SN09) 
O(SN05, 


I DM04) 
BLK05 
FLOPCELL 
I(CLOCK,PDIN8,SN01,SN08,RESET,SN09) 
O(SDOUT, 
I DM05) 
BLK06 
FLOPCELL 
I(CLOCK,PDIN7,SN01,SN07,RESET,SN09) 
O(SN08, 
I 
DM06) 


BLK07 
FLOPCELL 
I (CLOCK,PDIN6,SN01,SN06,RESET,SN09) 
O(SN07, 


I 
DM07) 
BLK08 
FLOPCELL 
I (CLOCK,PDIN5,SN01,SN05,RESET,SN09) 
O(SN06, 
I 
DM08) 
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*********************************************** 
* 
Output 
of Netgene 
version 
1.0 
* 
* Date: 
1/ 
5/1989 
Time: 
13:34:36 
* 


** Input 
File 
Name 
* Net1ist 
File 


FLOPCELL.EDF 
FLOPCELL.MAC 


Z FLOPCELL 
SCH 
I (CLOCK,DATIN,LOAD,QPREV,RESET, 
SHIFT) 
O(Q, 
iI QN) 


U1 
NA3 
I(SN05,SN01,SN03) 
O(SN02) 


U2 
NA3 
I (SN02,RESET,CLOCK) 
O(SN03) 


u3 
NA4 
I (SN03,CLOCK,SN05,SN01) 
O(SN04) 


U4 
NA4 
I (RESET,SN04,LOAD,DATIN) 
O(SN05) 


U5 
NA4 
I (RESET,SN04,SHIFT,QPREV) 
O(SN01) 


U6 
NA2 
I(SN03,QN) 
O(Q) 


U7 
NA3 
I (Q,RESET, 
SN04) 
O(QN) 
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*********************************************** 
* 
Output 
of 
Netgene 
version 
1.0 
* 


* Date: 
1/ 
5/1989 
Time: 
13:42:14 
* 


*********************************************** 
* 
* 
* Input 
File 
Name 


* Netlist 
File 
COVNTER3.EDF 
COVNTER3.MAC 


VI 
NA3 
I{SN03,Q2,Q3) 
O(SNOl) 


V2 
NA3 
I{Ql,Q2,Q3) 
O(SN04) 
V3 
NA2 
I{SN09,Q3) 
O(SN06) 


V4 
NA2 
I{Q2,Q3) 
O(SNlO) 


V5 
INV 
I{SNOl) 
O(SN02) 
v6 
INV 
I{SN04) 
O(SN05) 


V7 
INV 
I(SN06) 
O(SN07) 
V8 
INV 
I(SNI0) 
O{SN08) 


V9 
INV 
I (Q3) 0 (SNll) 


VI0 
INV 
I(SNI2) 
O(SNI3) 


VII 
SRFF 
I (SN02,SN05,CLOCK,CLR) 
O(Ql,SN03) 


V12 
SRFF 
I{SN07,SN08,CLOCK,CLR) 
O(Q2,SN09) 


V13 
SRFF 
I{SNll,SNI3,CLOCK,CLR) 
O(Q3,SNI2) 
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ADVANCED 
FLlp·FLOP 
MERGING 
Folding 
logic 
functions 
directly 
into 
the 


workings 
of a flip-flop 
has a unique 
pay- 
off with PML. (As illustrated 
in Sections 
4 


and 6). Since the basic approach 
may be 


extended 
to other flip-flop 
structures, 
this 


technique 
may be used more "generally". 


The figures 
provided 
in this section 
illus- 


trate examples 
of simple and complicated 


structures. 


Consider 
the D-Iatch 
in Figure 
7-1: 
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If the data input point is driven from a two- 
level 
logic 
function 
as shown 
in Figure 
7-2(a), 
the gate count 
is six with one in- 


verter. The input signals 
pass through 
two 
logic layers before entering 
the latch, then 
through 
two more to reach the Q output. 


From Figure 
7-2(a), 
note that the data in- 
put to gate G4 is driven 
High from the G3 
output 
when 
either 
Gl 
or G2 (or both) 
is 
driven 
Low. Also, 
note that when 
Data is 
High, and Enable 
is High, the output of G4 
will be Low. Under 
these 
conditions, 
the 
outputs 
of Gl 
or G2 are driven 
in a direc- 
tionsimilartothe 
outputofG3 
and G4. By 
eliminating 
G3 and G4 
and substituting 


Gl and G2 where G4 was, some gate and 


speed 
saving 
is gained 
as shown 
in Fig- 
ure 7-2(b). 
Note 
that 
the 
Enable 
signal 


has to be reinserted 
carefully. 
This permits 
a 
faster, 
cheaper, 
and 
more 
efficient 


merged 
latch. This is the simplest 
struc- 
ture and the reader is encouraged 
to prove 


the operation 
by simulation 
or construc- 


tion. 
The 
general 
approach 
is a simple 


expansion 
of these 
steps. 


1. Isolate the positive 
asserted 
flip-flop 


input. 


2. 
Isolate the two-level 
AND/OR 
driving 


function. 


3. 
Eliminate 
the NAND 
gate in step 1 


but preserve 
inputs 
and outputs. 


4. 
Eliminate 
the second-level 
NAND 
from step 2, but preserve 
inputs 
in 
the step 2 AND/OR 
structure. 


5. 
Place the corresponding 
intermediate 


outputs 
to replace 
the eliminated 
flip- 


flop input gates 
output. 


6. 
Place any inputs 
which 
fed the flip- 


flop input gate onl0 the new input 
points 
from step 5 (i.e., the input 
points 
of the step 2 AND/OR 
struc- 
lure). 


Let's illustrate the procedure by applying it to a 
more complicated flip-flop - 
the dreaded J-K! 
Figure 7-'l depicts a J-K with a two-levellogic 
function tied to J and a different function tied 
to K. J gets the sum of three product terms and 
K gets the sum of two. 


Because the inputs to gates A, S, C, D, E will 
be maintained, we don't care what they are. 
From the recipe: 


Step 1. 
Isolate the positive asserted flip-flop 
input. 


For J this is gate G2. 
For K this is gate G3. 


Step 2. 
Isolate the two-level 
ANDIOR driv- 
ing function. 
(see function 1 and 2) 


Step 3. 
Eliminate the NAND inputs in step 1 
but preserve 
inputs and 
outputs. 


(Figure 7-4(a)) 


Step 4. 
Eliminate the second-level 
NAND 


from step 2. 
(Figure 7-4(a)) 


It is hoped that the reader can, in general, avoid 
the use of the J - K structures built from gates 
as shown due to their 
inefficiency 
of gate 


usage. There is also a potential timing liability 


in thallhe clock path G1to GA is faster than the 
data input paths and creates a possible race. 
However, this example serves to illustrate that 


a merging process can be applied systemati- 
cally, with success, to even relatively compli- 
cated structures. 


Signetics 


Today's 
engineer 
is constantly 
striving 
to 


consolidate 
higher 
complextty 
and 
more 


feature-intensive 
circutts 
into 
designs 


without 
sacrificing 
flexibility. 
In a competi- 


tive 
marketplace, 
designs 
need 
to 
be 


brought 
to market 
quickly. 
The Signetics 


solution 
is to provide 
high-performance 


Programmable 
Logic Devices 
(PLDs) that 


can be quickly 
and easily 
integrated 
into 


system 
designs. 


In using this manual, 
some familiarity 
wtth 


PLDs 
is helpful. 
In addition, 
we 
recom- 


mend 
the recently 
published 
text books, 


Programmable 
Logic 
Devices, 
by Goof! 


Bostock 
(McGraw-Hili, 
copyright 
1988), 
and Programmable 
Designer's 
Guide 
by 


Roger 
Mord 
(Howard 
W. Sams 
& Co., 
copyright 
1989). 


This 
document 
provides 
complete, 
straightforward 
application 
examples. 
The first three sections 
describe 
Signetics 


PLDs. Sections 
fourthrough 
eight provide 


application 
examples. 
Most 
applications 


are accompanied 
by one or two pages of 
text. Some 
also include 
a circuit 
or block 


diagram 
and an AMAZE 
design 
file listing 


to 
implement 
that 
application. 
To save 


time, the files are available 
on diskette 
or 


by accessing 
the Signetics 
toll-free 
bulle- 


tin board: (800) 451-6644. 
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and 
Application Notes 


AMAZE SOFTWARE 
Design, 
simulation 
and device-program- 
ming support for all Signetics 
PLD families 
is provided 
by 
Signetics 
AMAZE 
PLD 
design 
software. 
AMAZE, 
which supports 
many 
of Signetics 
programmable 
prod- 
ucts, 
includes 
Boolean 
logic 
and 
direct 
state-equation 
entry. Functional 
and AC 
timing 
simulation 
models 
and 
an 
auto- 
matic test vector generator 
are included 
in 


the 
AMAZE 
PLD 
design 
package. 
The 
software 
runs with MS-DOS 
2.0 or newer 
operating 
systems 
and is available 
free of 
charge 
to qualified 
users. Schematic 
cap- 
ture capability 
is available 
in conjunction 
wtth Data 
1I0's FutureNet 
Dash 
System 
and 
the 
OrCad 
Systems 
Corporation 
OrCAD/SDT"" 
schematic 
capture 
soft- 


ware packages. 


The Signetics 
families 
of PLDs 
are also 


supported 
by Data I/O®'s design software 


package, 
ABELTM, and the 
P-CAD 
and 


CUPLTM design 
software. 


Automatic 
Map and Zap 
Equation 
Entry 


(AMAZE) 
software 
designed 
by Signetics 
will interface 
with 
most commercial 
pro- 


grammers. 


AMAZE 
consists 
of five modules: 


• BLAST 
(Boolean 
Logic and State 
Transfer 
entry program) 


• PTE (Program 
Table Edttor) 


• PTP (pAL to PLD conversion 
program) 


• DPI (Device 
Programmer 
Interface 
program) 


• PLD SIM (PLD Simulator 
program) 


The 
software 
modules 
allow 
expansion 
for future 
requirements. 
They 
are 
user 
friendly 
with both HELP and ERROR 
mes- 


sages. 
Simulator 
programs 
provide 
appli- 
cations 
assistance 
and 
automatic 
test 
vector generation. 


Equipment 
requirements, 
products 
sup- 


ported 
and details of product 
modules 
are 
contained 
in the AMAZE 
design 
software 
manual. 


AMAZE 
is 
available 
at 
no 
charge 
by 


request 
to the Signetics 
factory. 


Additional 
design 
support 
is usually 
avail- 


able wtth the commercially 
available 
pack- 


ages ABEL, 
CUPL 
PLDesigner, 
LOG/iC, 


etc. 
Programming 
support 
is 
always 


available 
through 
DATA I/O, STAG Micro- 


systems, 
and several other programmers. 


PRODUCT 
SECTION 
INTRODUCTION 
Signetics 
manufactures 
a wide 
range 
of 


PLDs and Programmable 
Logic Sequenc- 


ers. 
In the area 
of PLDs, 
there 
are two 


basic architectures: 
Programmable 
Logic 


Arrays 
(PLAs) 
and Programmable 
Array 


Logic (PAL ®). 


The 
PLA 
architecture 
consists 
of 
two 


interconnectable 
arrays 
with 
program- 


mable connections 
between 
the input pins 


and a group 
of AND 
gates. 
Another 
pro- 


grammable 
array exists between 
the AND 


gate outputs 
and the inputs 
to a group of 


OR~ates. 
Completefreedom 
of intercon- 


nection 
is possible 
with this arrangement. 


PAL-type 
devices, 
on 
the 
other 
hand, 


provide 
programmable 
interconnection 


between 
the 
input 
pins 
and 
the 
AND 


gates, 
but the outputs 
of the AND gates 


are tied to specific 
OR gates, 
then finally 


routed 
to output 
pins. 
By eliminating 
the 


programmability 
between 
the 
AND-DR 


area, some speed savings 
are achieved 
at 


the expense 
of interconnect 
freedom. 


Signetics 
Programmable 
Logic Sequenc- 


ers combine 
the versatility 
of the PLA with 


flip-flops 
to 
achieve 
powerful 
state 
ma- 


chines 
in a variety 
of user configurations. 


This 
section 
is designed 
to 
familiarize 


design 
engineers 
with the Signetics 
lines 


of PLAs, PALs, and Sequencers 
available, 


and acquaint 
them 
with their general 
ca- 


pabiltties 
and features. 
Each archttecture 


is briefly 
showcased 
in an inttial rendering 


with 
a short 
capsule 
description 
of the 


part. 
The 
serious 
reader 
should 
consu~ 


the data sheet 
sections 
of this PLD Data 


Handbook 
for full electrical 
details on any 


part. 


Signetics 


PLADEVICES 
Signetics PLAs are particularly useful in 
the design of wide address decoders and 
random logic replacement. The primary 
advantage Signetics brings to these appli- 
cations with their PLA devices is product 
term sharing, which is made possible via 
the two programmable arrays. The famil- 
iar PAL arch~ecture supports a program- 
mable AND array, followed by a fixed OR 
array. Better than 90% of the PALdevices 
that are available today are limited to 7 
input wide gates. When pursuing a solu- 
tion to 
a complex 
address decoding 


scheme, this restriction is prohibitive. The 
Signetics PLAdevices support 100% of all 
product terms. Once a term is created, ~ 
can be shared with any or all of the output 
functions. No duplication of resources is 
incurred. The popular PLXX153 family 
support 32-input 
wide OR gates which 


are ideal for memory I/O decoders. The 
addition of programmable output polar~y 
also enhances design efficiency and logic 
minimization. 


The 2 programmable array concept domi- 
nates the Signetics PLD product line. With 
the exception of the PAL-type devices 
which have been geared for ulitmate per- 
formance, all Signetics PLDs have been 
architected with efficient and flexible PLA 
structures. With the largest breadth pro- 
grammable product line in the industry, 
Signetics believes the designer can truly 
fill his requirements from the several prod- 
uct lines-PLA, 
PAL, and PLS. 
PLA 


device descriptions follow. 


Signetics 
PLUS153D 


Figure 
1-1 
depicts 
the 
Signetics 


PLUS153D. This bipolar PLA is pin and 
functionally 
equivalent 
to 
all 
other 
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Signetics 
153 
type 
PLAs 
(i.e., 
the 
PLS153, PLC153, PLHS153), but re- 
quires no more than 12 nanoseconds to 
generate a stable output. 


The 
PLUS153D 
has 
eight dedicated 
inputs and 10 bidirectional pins. The bi- 
directional pins may be adapted to suit the 
user's specific needs. 2Q-pin 
DIP or 
PLCC packages are available. 


The output structure of the PLUS153D 
includes programmable polarity control on 
each output. Either active HIGH (non- 
inverting) or active LOW (inverting) out- 
puts are configurable via the EX-OR gate 
associated 
with 
each 
I/O. 
Individual 
3-State control of the I/Ois alsosupported 
w~h the ten direction control AND terms 
(01-09). 


Other benefits to the PLUS153D include 
full pin compatibility with most 20-pin 
combinational PAL® parts. The natural 
product term sharing capabilities of the 
PLA architecture yield complete freedom 
of configuration should the engineer im- 
plement a particularly creative decode 
configuration. 


Signetics 
PLUS173D 
Figure 
1-2 
depicts 
the 
Signetics 
PLUS173D. This bipolar PLA is function- 
ally equivalent to the Signetics PLS173. 
The 24-pin PLUS173 hasfour more input 
pins than the PLUS153. The user may 
adapt the bidirectional pins to suit particu- 
lar decoding needs, but the propagation 
delay time is still no more than 12 nano- 
seconds from stabilized input to stable 
output. 


By having more inputs than the 153 part, 
the 173can either resolve more input lines 


or generate more outputs functions forthe 
same number of inputs. Distinct 3-State 
control over each output may be useful for 
controlling chip enables where contention 
(i.e., multiple access) may exist. 


Forspeed and input width, the PLUS173D 
is probably the best single PLA available 
today for both memory and I/O decoding. 
Combining the 12nanosecond tpDwith the 
distinguishable range of 12 to 21 inputs, 
the designer can easily decode say 16 
input addresses as well as read/write 
qualifiers or encoded status signals. Out- 
put polarity control (activ&-High or active- 
Low) is achieved by programming the 
Exclusive-DR gate associated with each 
output. 


The flexibility achieved with a PLA struc- 
ture can be quickly appreciated by the 
designer who has experienced the frustra- 
tion of the dedicated "OR" structures in 
PAL ICs. Currently, the only time penalty 
for the freedom granted by a PLA is a few 
nanoseconds! 


The PLHS473 
The PLHS473 devices are 24-pin PLAs. 
Each has 24 productterms, 11inputs, 9bi- 
directional pins and 2 dedicated outputs. 
Each output and bidirectional pin is inde- 
pendentlytri-stateable from the OR array. 


Unlike the traditional PLA, the 3-State 
control of the 473 devices isaccomplished 
with anOR function. This feature supports 
more complex (sum of products) logical 
control of the outputs. Output polarity is 
programmable (active-High or Low) via 
the 11EX-DR gates that precede the out- 
put pins. 


The PLHS473 is TTL compatible, with a 
worst-case propagation of 22ns. 
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PAL ®.TYPE DEVICES 
Signetics provides state-of-the-art indus- 
try standard PALdevices, both bipolar and 
CMOS. The range of offers spans the en- 
tire gamut of performance options; zero- 
standby power generic devices specified 
over the commercial, industrial and mili- 
tary temperature ranges, orthe ultimate in 
high speed, an ECl compatible 20EV8 
device. Almost every option in between is 
also offered. 


The PAL architecture consists of a pro- 
grammable AND array,followed by afixed 
OR array. The somewhat rigid architec- 
ture lends ttse~to less complex, narrower 
logic functions. There are three basic 
PAl--lype 
device 
configurations. 
The 


XXl8 
devices are strictly combinatorial. 


The 
XXRX 
series 
offers 
a 
range of 


registered 
and 
combinatorial 
outputs. 
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The XXV8 series is considered to be ge- 
neric in nature, in that the output macros 
arevariable (hencethe "V")ascombinato- 
rial or registered. Most frequent applica- 
tions include counters andshifters (the RX 
series), and small decoders and multi- 
plexers (the l8 series). 


Industry standard software can be used 
with Signetics PAL-type 
devices. Full 
support is also provided via the Signetics 
AMAZE Design software. 


The Signetics PAL-type device descrip- 
tions follow. The line is being expanded 
continuously. If you don't find the device 
you need for your circuit, please contact 
Signetics 
toll-free 
at 
(800)227-1817, 


Extension 900. 


Signetics 
PLHS18P8B 
Figure 
2-1 
depicts 
the 
Signetics 


PlHS 18P8B which is a bipolar, PAL-type 
device. The propagation delay time will be 
15 nanoseconds maximum from stable 
inputs to stable outputs. The part has 10 
inputs, eight bidirectional pins, and 72 
product terms. Due to the programmable 
output polarity,the PlHS 18P8B can func- 
tionally replace 13 other standard PALde- 
vices. Being pin compatible to all 2Q-pin 
combinational PAls increases the parts' 
versatility considerably. The PlHS18P8B 
can sink 10L = 24mA (max). 


Output polarity control for this PAL-type 
part is achieved identically to the proce- 
dure for the PlUS153D and PlUS173D. 


The PlHS18P8B is ideal for address and 
I/O decode for moderately fast micro- 
processors from both a speed and current 
drive capability. 
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The PLUS16L8D 
and-7 


The PLUS16L80 and-7 
PAL-type devices are 


functionally 
identical 
to other 
commercially 


available 16L8 PAL ICs. Figure 2-2 shows an 
extremely simplified version. Less flexible than 
a PLA, the PLUS16L80/-7 
provides raw speed 


and current drive so important fordriving SRAM 
arrays on RISC processors or the controUdata 
lines on rapid bus structures. The PLUS16L80 
has a worst--<:ase propagation delay of 10ns. 
The worst--<:ase TPO of the -7 is 7.5ns. 24mA 
output drive is guaranteed. 


The PLUS16L80/-7 
have seven productterms 


per OR function and one per 3-State control. 
Six of the eight outputs can be configured as 
inputs or outputs. 
The PLUS16L80/-7 
are 


available in 2o-pin plastic OIL or 20"in 
PLCC 


packages. 
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The PLUS16R8D 
and-7 


The PLUS16R8D and -7, like the PLUS16L8D 
and -7 is identical to other manufacturers' reg- 
istered 
PAL devices. 
The parts have eight 
inputs, eight outputs, and eight D-fJip-flops. 
Each flip-flop feeds an output pin through a 
3-State buffer. The output of each D-flip-flop, 
0, is also fed back to the AND array. Each out- 
put is capable of driving 24mA IOLmax, with all 
ouputs simultaneously asserted. 


The PLUS16R8D has a worst~se 
propaga- 
tion delay of 10ns. Theworsl-<:ase tPOofthe-7 
is 7.5ns. The PLUS 16R8D and -7 are available 
in 2O-pin plastic DIP and 2Q-pin PLCC. 
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Figure 2-3. 
PLUS16R8 (D and-7) 
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The PlUS20l8D and -7 
The PLUS20LBD 
and -7 
devices 
have 14 


inputs, two dedicated outputs and six bidirec- 
tionals. The tPDare 10ns max and 7.5ns max, 
respectively. The 24mA of output low current of 
these devices can drive capacitive address line 
inputs 
and 
pc-board 
traces 
through 
long 


layouts. This makes the particularly suitable for 
driving SRAM, video DRAM, and FAST dy- 
namic RAM arrays in 32-bit 
microprocessor 


environments. 


Identical to other commercially available 20LB 
PAL devices, the PLUS20LBD and -7 have 56 
functional product terms which are hard-wired 
to eight OR gates. Each OR gate drives an 
Active-Low 
output. 
The tri-state 
control of 


each output is from a dedicated AN D product 
term. 


The worst-<:ase 
propagation 
delays for the 
PLUS20LBD and 20LB-7 are 10ns and 7.5ns, 
respectively. 
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The PLUS20R8D 
and -7 


The PLUS20R80 
and -7 are 24-pin versions 
of the 
16R8 PAL device. With propagation 


delays of 10ns and 7.5ns max, the parts deliver 
24mA of output low current drive, Eight D-flip- 
flops share a common clock and output enable 
line. The output of each flip-flop is dedicated to 
a separate output pin and is also fed back to the 
AND array. 


The PLUS20R80 
and -7 
are available 
in 


24-pin plastic OIL and 28-pin PLCC. 


The PLC18V8Z 
The PLC 18V8Z is a multi-function, 
generic 


PAL-type device. It is pin-<:ompatiblewith, and 
can replace 22 different 2Q.-pin registered and 
combinatorial PALdevices, Toaccomplish this, 
the conventional 'single function' output pin has 
been replaced by a configurable Output Macro 
Cell. Each Macro Cell contains a O-flip-f1op or 
a combinatorial I/O path. Output polarity and 
tri-state control functions are also individually 
configurable. Each OMC is fed by nine AND 


product terms, which are hard-wired 
in the 


classic PAL fashion. 


One of the key features of the part is its ability 
to sink 24 milliamps IOL,compatible with other 
bipolar PALdevices-yet 
still comply with inter- 


nal CMOS circuitry. The UV erasable version is 
available in 20-pin ceramic OIL with a quartz 
window. 
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Signefics 


Introduction 
Ten 
years 
ago, 
in 
their 
search 
for 
a 


straightforward 
solution 
to 
complex 
se- 


quential 
problems, 
Signetics 
originated 


Programmable 
Logic 
Sequencers. 
Signetics 
Programmable 
Sequencers 


represent 
a product 
line which 
combines 


the versatility 
of two programmable 
arrays 


(PLA 
concept) 
with flip-flops, 
to achieve 


powerful 
state machine 
architectures. 


Each arrangement 
or "architecture" 
offers 


a variation 
of the 
basic 
concept 
which 


combines 
two programmable 
logic arrays 


with 
some 
flip-flops, 
in an 
undedicated 


fashion. 
The 
PLA 
product 
terms 
are llQ1 
specifically 
dedicated 
to 
any 
particular 


flip-flop. 
All, none, or any mix in between 
may 
be 
connected 
to 
any 
flip-flop 
the 


designer 
chooses. 
The 
PLA 
structure 


therefore 
supports 
100% 
product 
term- 


sharing 
as well as very wide OR functions 


preceding 
the flip-flops. 


Signetics 
line 
of 
Programmable 
Logic 


Sequencers 
has been further 
customized 


to accommodate 
specific 
types 
of state 
machine 
designs. 
Some 
have both regis- 
tered 
and combinatorial 
outputs, 
specifi- 


cally for synchronous 
and asynchronous 


Moore-type 
state machines. 
Others 
have 


state or buried 
registers, 
as well as output 


registers. 
These 
devices 
(PLUS 105, 


PLC42VA 
12 and PLUS405) 
are ideal for 


synchronous 
Mealy-type 
applications. 
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J-K 
and S-R register functions 
are anoth- 
er benefit. 
The logic functions 
provided 
by 
these 
types 
of registers 
far exceed 
the 


capability 
of a D-type 
register. 
The func- 
tionality 
of the J-K 
allows the designer 
to 
optimize 
the logic used in generating 
state 


transitions. 
Ninety percent 
of PAL devices 
have D-type 
registers. 
All the sequencers 
are equipped 
with three 
state options 
for 


bussing 
operations, 
JK 
or SR flip-flops 
and some 
form 
of register 
Preset/Reset 
functions. 


Finally, all PLS devices 
have a Transition 
Complement 
Array. 
This 
asynchronous 
feedback 
path, from the OR array to the 
AND array, generates 
"complement"tran- 


sition functions 
using a single term. Virtu- 
ally hidden in between 
the AND array and 
the OR 
array 
is the Complement 
Array. 
This single 
NOR 
gate 
is not necessarily 
"an array," however 
the inputs and outputs 


of this complement 
gate 
span the entire 
AND 
array. 
The 
input(s) 
to the Comple- 
ment 
Array 
can 
be 
any 
of the 
product 
terms 
from the AND array. The output 
of 


the Complement 
Array will bethe 
'comple- 
ment' of the product 
term input. If several 
product 
terms are connected 
to the Com- 


plement 
Array, 
their 
respective 
comple- 
ments can also be generated. 
The output 
of the Complement 
Array is fed back to the 


AND 
array, 
whereby 
it can 
be 
logically 
gated 
through 
another 
AND 
gate 
and 
finally 
propagated 
to the 
OR array. 
The 
significance 
being 
that 
the 
complement 


state 
of 
several 
product 
terms 
can 
be 


generated 
using one additional 
AND prod- 


uct term. 
For 
example, 
if an 
efficient 


method of sensing 
that no inputs were as- 


serted 
was 
needed, 
the 
designer 
could 


connect 
the 
output 
of appropriate 
AND 


gates to the complement 
NOR gate. The 


output olthe 
NOR gate could then be used 


to condition 
and then set or reset a flip-flop 


accordingly. 
As well, he could detect a par- 


ticular 
state 
variable 
combination 
and 


force a transition 
to a new state, indepen- 


dent of the inputs. 
Or he could 
combine 


input 
signals 
and 
state 
(AND) 
terms 
to 


generate 
a new composite 
term. 
In any of 


these applications, 
the Complement 
Array 


greatly reduces 
the number of state transi- 


tion terms 
required. 


In order to present the material 
in the most 


concise 
fashion, 
a brief 
state 
equation 
tutorial 
is presented 
first. 
The 
PLUS105 


description 
immediately 
follows. 
In this 


capsule 
description, 
the level of detail 
is 


expanded, 
so read it first for basic under- 
standing. 
Each 
additional 
presentation 


will be done with regard to the fundamen- 
tals 
described 
for the 
PLUS105. 
Figure 


3-3 
shows 
the 
detailed 
drawing 
of the 


PLUS 105 in full detail. 
Figure 3-4 shows a 


compressed 
rendition 
of the 
same 
dia- 


gram 
so that the reader 
can understand 
the 
diagram 
notation. 
The 
compressed 
shorthand 
version 
will be used for the rest 


of the sequencers. 
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While 
[STATE 
OJ 


IF 
[UJ 
THEN 
[STATE 
1J 
IF 
[/0) 
THEN 
[STATE 
3J 


While 
[STATE 
1J 


IF 
[U) 
THEN 
[STATE 
2] 


IF 
[/0) 
THEN 
[STATE 
OJ 


While 
[STATE 
2J 


IF 
[UJ 
THEN 
[STATE 
3J 


IF 
[/DJ 
THEN 
[STATE 
1 J 


When 
[STATE 
3J 


IF 
[U) 
THEN 
[STATE 
OJ 
IF 
[/DJ 
THEN 
[STATE 
2J 


Figure 3-1. Up-Oown 
Counter 
State Diagram 
Figure 3-2. 
STATE EQUATIONS to Implement 
Up·Down Counter 


State Equation 
Tutorial 


STATE equation entry is a convenient way to 
describe elementary sequential machines in a 
manner which is direc~y related to a state dia- 
gram of the machine. The basic commands are 
few, but can be combined in a powerful fashion. 
Figure3-1 showsa4 state up-down counter for 
a machine with an U(up)/D(down) 
input line. 


Figure 3-2 shows the state equation syntax to 
implement Figure 3-1. 


The basic meaning can be summarized in the 
following way. Simply, "while in state X· if input 
'y" occurs, "transverse to state Z". This is a 
Moore machine model. Mealy may be accom- 
modated by addition of the "with" operation 
which designates 
an output 
variable 
being 


associated as shown below: 


A.) While 
[CURRENT STATE) 
with 
[OUTPUT VARIABLE) 
IF 
[INPUT VARIABLE] 
then [NEXT STATE) 


[CURRENT STATE] 
[INPUT VARIABLE) 
then [NEXT STATE) 
with [OUTPUT VARIABLE) 


If a latched output variable is desired, the addi- 
tion of a prime notion (/) to the right of the output 
variable is required. 


The designer must assign the binary values of 
choice to specific states for a state equation 
function 
to be implemented. 
The Signetics 
AMAZE manual details state equation solu- 
tions with more examples, but the advantage of 
state equations is that the designer can be less 
involved 
with 
the 
internal 
structure 
of the 


sequencer than required by other methods. 
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The PLUS105 
This part (Figure 3-3) has sixteen logic inputs 
and eight outputs. It also has eight S-R flip- 
flops tied directly to those output pins through 
3-State buffers (common control from pin 19). 
The user may select pin 19 to be an Output 
Enable signal or an asynchronous preset (PR) 
signal which is common to all flip-flops. Em- 
bedded into the device are 48 AN D gates. All 
flip-flops are S-R type with an OR gate on both 
Sand R. The designer may choose any number 
of produclterms and connect them with any OR 
gate. The product terms can also be shared 
across any OR gate, as needed. Six of the 14 
flip-flops are termed "buried registers" as their 
outputs are fed back to the AND array, regener- 
ating both the 0 and /0 state variables. There 
is no direct connection to an output. Both the 
input signals and the state variables 0 and /0 
are fed to the AND array through buffers which 
provided the TRUE (or noninverted) and Com- 
plement (inverted) renditions of the variable. 
This is critical for the efficient use of the AND 
array. The designer has all state and input 
variables 
necessary 
to generate 
any state 
transition signal to set and/or reset commands 
to the flip-flops. Because of this AND/OR ar- 
rangement, combined with complete freedom 
of configuration, all sequential design optimiza- 
tion methods are applicable. 


There 
are 
many 
other 
feature 
capabilities 
suitable for creative usage. For example, it is 
common practice to use the 48 product terms 
with the 6-bit buried register, treating the output 
8-bit registeras an intermediate, loadable data 
register only. This provides a very good bus 
"pipeline" 
for 
the internal 
6-bit 
machine. 


However, other logic options can be accom- 
plished by combining internal state information 
(present state) with current input information, 
generating a next state which is different from 
the current internal state. 
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The PLS155, 157, and 159A constitute a three 
part family of 2~in 
sequencers that are well 


suited for high speed handshakers, counters, 
shift registers, pattern detectors and sequence 
generators. 
Additional 
applications 
include 
testability enhancement, demonstrated 
in the 


application examples of signature analysis and 
pseudo random number generation. The three 
devices are very similar in architecture. All have 
a total of 12 possible outputs. The difference is 
the ratio of combinational 110to registered out- 
puts available. 


four registered outputs. All of the state vari- 
ables and combinational 
variables are pres- 


ented to the output pins by way of 3-State 
inverting buffers. The combinational and state 
variable outputs are fully connected (fed back) 
back to the AND array in both the True and 
Complemented form of the variable. The prod- 
uct includes a special feature that allows the 
user to configure the flip-flops as either J-K or 
D flip-flops on an individual basis. A Register 
Preload feature is supported via two product 
terms (La, Lb) which permit "back loading" of 
data into the flip-flops, directly from the output 
pins. The part can now be easily forced into any 
known state by enabling La, Lb, applying data 
at the outputs 
(previously 
"3-Stated"), 
and 
applying a clock pulse. Register Preset and 


The PLS155 
The PLS155 is a sequencer providing four J-K 
flip-flops with a PLA having 32 logic product 
terms and 13 control product terms. Eight com- 
binational 1/0 are available in addition to the 


Reset functions are controlled in 2 banks of 2 
registers each. Note that control product terms 
are from the OR array. 


The outputs of all variables are 3-State 
con- 


trolled by a unique partition. Pin 11provides an 
Output 
Enable 
input 
(OE) 
which 
can 
be 


asserted with the EA and EB control product 
terms. EA controls the flip-flops FOand F1, and 
EB controls F2 and F3. Each combinational 
output term has a distinct3-State 
controlterrn 


(DO- D7) originating from the AND array of the 
PLA Each combinational output variable can 
be programmed as inverting (active LOW) or 
non-inverting 
(active HIGH) by way of the 


output polarity EX-OR 
gate associated with 


each 1/0 pin. 
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The PLS157 
This sequencer features all the attributes of the 
aforementioned 
PLS155, 
however, two flip- 
flops have been added, at the expense of two 
of the combinational outputs. Pins 13and 180n 
the PLS157 are flip-flop driven, where the same 
pins on the PLS155 are combinatorial, driven 
from the 
PLA 
Again, 
all variables 
(input, 


output, or state variables) fully connectoverthe 
PLA portion with both True and complemented 


versions 
supplied. 
The number 
of product 


terms, the Complement array, Output Enable, 
3-$tate configurations, Register Preload, etc., 
track the PLS155 part. As with the PLS155, 
distinct clock input on pin 1 is provided for 
synchronous operation. Register Preset and 
Reset are available in 2 banks. Pin F4 and Fs 
are controlled from the AN D array (Product 
Terms PB and RB). The remaining 4 registers, 
Fa- F3, are controlled by the sum terms (from 


Designs requiring more than 16 states but less 
than or equal to 64 states are solid candidates 
for realization with the PLS157. It can be confi- 
gured as a Moore machine for counter and 
shilter designs from the flip-flop outputs, or as 
high speed 
pulse generators 
or sequence 


detectors 
with 
the 
combinational 
outputs. 


Mixed solutions are also possible. 
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The PLS159A is an~Qlll1.lt 
readily enters 
the environment of the fl.-bit data operand as 


well as the bus oriented system. Forenhanced 
performance, the flip-flop outputs are inverted. 
To provide positive outputs for shifters and 
counters, the input variables and state feed- 
back variables 
can be selectively 
inverted 


through an input receiver or the feedback path 
through the AND gate array. 


The PLS159A 
By extending the PLS157 arrangement even 
further, the PLS 159A can be derived. Again, 
maintaining 
identical 
input, 
product 
terms, 


Complement array and similar 3-State 
parti- 
tioning, the PLS 159A also resides in a 2Q-;Jin 
package. The expansion to dual4-bit 
banks of 


flip-flops, at the expense of 2 combinational 


outputs, enhances 
the number of available 
internal states while maintaining product term 
and pin compatibility. Note that all registers are 
controlled from the AND array in 2 groups of 
four. 


I 
I 
I 
I 
Fd 
8 Copie. 
I 
L 
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There are three basic members in the 24-pin 
package family: The PLS167A. the PLS168A. 
andthePLS179. 
ThePLC42VA12isdiscussed 


elsewhere. 


The PLS167A 
The PLS167A has 14 logic inputs and six regis- 
tered outputs (s-R 
flip-flops). Six additional 


buried flip-flops reside beside the 48 product 
term AND array. This device can support stale 


machine designs of up to 256 states-as 
two 
outputs feed back into the AND array. making 
a total of eight 
buried 
registers. 
There 
is 
complete feedback connectivity of the inputs 
and the state flip-flop outputs to the PLA AND 
gates. Organizationally 
it has much more in 
common with the PLS105A than the aforemen- 
tioned 2O-pin parts. The asynchronous Preset 
and 
the 
Output 
Enable 
are 
identical 


By having the output latched state variable 
capability, it provides an automatic buffer for 
bus based systems. The current state may be 
presented, fully stable and synchronized to a 
bus-while 
the internal buried machine is Iran- 


sitioning to the next state based on currentinput 
conditions. 
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The PLS168A 
This sequencer is a down-scaled version of the 
PLS 105A. 
Having 
identical 
product 
terms, 
Complement 
array, asynchronous 
PRESETI 
Output Enable options, and 3-State 
controls, 
its 
primary 
difference 
is having 
12 inputs 


compared to the PLS105A's 16 inputs. Howev- 
er, the PLSl68A 
can become a state machine 


of up to 1024 states due to intemal feed back 
of its six state registers, plus the feedback of 
four of the eight output registers. The PLS16BA 
is packaged in a 300mil-wide 
24-pin DIP or 
28-pin PLCC. 


interrupt vector synchronizers, counters, shitt- 
ers, or just about any basic state machine can 
be generated and 3-State interfaced to a com- 
puter bus with a PLS168A. Outputs provided by 
the positive asserted sense make state transi- 
tioning and loading of state variables straight- 
forward. 
This is also an octal part, providing an B-bit 
register to a bus based system. State registers, 
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The PLS179 
The PLSl79 
is architecturally 
similar to the 
PLS159A. 
The 3-State 
enable, 
number 
of 
product terms, flip-flop mode controls, register 
preload, etc., are all identical to the PLS159A. 
The four additional inputs are the dominant dif- 
ferentiating feature for this part as compared to 
the 
PLS159A. 
As with 
the 
PLS159A, 
the 
PLS 179 
Preset 
and 
Reset 
functions 
are 


controlled from the AND array in 2 groups of 4 
registers each. 


The PLS179 is also an ~ 
part. Providing the 


state contents 
directly 
to the 
pin through 


3-State 
buffers allows 
counters 
and other 


sequence generators direct access to.an as- 
serted low octal bus. Some design creativity will 


generate 
positive assertion through th.~ pin 


inverters, for positive driven busses. AddlUonal 
input pins expand the capability of the part 
beyond the PLS159A. Input CXlmbinationsmay 
be presented 
in a wider format, more f~11y 


decoded to the sequencer for faster reacUon 
and less extemal circuilly 
than the PLS159A 


requires. 
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The PLUS405 
The PlUS405 
is a functional superset of the 
PlUS1 05. It is also much faster. The perform- 
ance of the PlUS405 
has been dramatically 
improved relative to the PlS 105A. Available in 
two speed versions, the operating frequencies 
('/tls + !eKO) range from 37to 45MHz (minimum 
guaranteed frequency). The dock frequencies, 
or toggle rate of the flip-flops, are 50MHz and 
58.8MHz, respectively. The PlUS405 
has 16 
more product terms and two more buried stale 
registers than the PLUS 105. Equipped with 
two independent docks, it is partitionable into 
two distinct state machines with independent 
clocks. 
And, 
it 
contains 
two 
independent 


PlS105/167/168 
architectures 
has 
been 


replaced with a Programmable 
Initialization 


feature. Instead of a Preset to all logic "l"s, the 
user can customize the Preset/Reset pattern of 
each individual register. When the INIT pin (Pin 
19) is raised to a logic "1", all registers are 
preset/or reset. The docks are inhibited (locked 
out) until the INIT signal is taken low. Note that 
Pin 19 also controls the OE function. Either 
Initialization or OE is available, but not both. 


The PlUS405 can be partitioned as one large 
state 
machine 
(16FFs) 
with 
64 
available 


p-lerms using one dock and 16 inputs or alter- 
nately two state machines (8FFs each) with in- 
dependent clocks, sharing 64 p-terms with 15 
inputs in any combination the user desires. The 
Complement arrays can be used to generate 
the "else" transition over each state machine or 
alternately used as NOR gates. They can be 
coupled into a latch if needed. 
A 
CMOS 
extension 
to 
the 
PlUS405 
is 
Signetics PlC415, which is pin compatible and 
a functional superset of the PlUS405 architec- 
ture. 


10I 
I,. 


l/eLK 


Circuitry 
with dashed 
line 
is replicated 
four times. 
(16 JK !I1p-jlops) 
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The Future Is Here Now. 
Recent architectural extensions are currently 
available from Philips Components-Signetics. 
These indude the PLC415 and PLC42VA12. 
These new ·Super Sequencers· are available 
now for high·<md new designs. Please check 
the data sheet section of this handbook for 
more information. 


Signetics 


APPLICATION 
SECTION 
INTRODUCTION 
This 
section 
provides 
examples 
of the 


wide 
ranging 
applications 
for 
Signetics 


PLD products. 
In microprocessors, 
for ex- 


ample, 
PLDs can solve complex 
interfac- 


ing problems. 
Theirwide 
input gates make 


them 
ideal for microprocessor 
decoding, 
memory 
and I/O functions. 


Communication 
is 
another 
key 
area 


where 
PLDs can solve difficult 
problems. 


Here PLDs simplify 
the process 
of devel- 


oping 
products 
to an emerging 
standard. 


Signetics 
has provided 
a series 
of exam- 
ples 
to show 
PLDs 
make 
it possible 
to 


change 
a design 
the 
same 
instant 
the 


standard 
changes. 
The examples 
contain 


a 
range 
of 
applications 
from 
whole 


protocols 
and simple scramblers 
to a cus- 
tomizable 
speech 
synthesis 
system. 


Other 
examples 
in this 
section 
illustrate 


applications 
in home 
security 
and instru- 
mentation. 


The 
applications 
in this 
section 
are de- 


signed 
to show 
how Signetics 
PLDs 
can 


solve 
many 
classic 
design 
problems. 


However, 
it is important 
to note that each 


example 
exploits 
only one olthe 
manyfac- 


ets of the product. 


MICROPROCESSOR 
INTERFACING 
WITH SIGNETICS 
PLDS 
Microprocessor 
interfacing 
is the 
art of 


connecting 
the 
attributes 
of a micropro- 


cessor, very skillfully 
to its surrounding 
en- 


vironment. 
They must lineup carefully 
and 


match 
the 
appropriate 
timing, 
address 


and data signals to achieve 
an effective 
in- 


teraction. 
This section 
illustrates 
multiple 


interfacing 
examples. 
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Introduction 
Architectural 
bottlenecks 
have 
migrated 


from one point to another 
within a system 
throughout 
the 
history 
of computer 
de- 
sign. 
Currently, 
processor 
speeds 
and 


memory 
cycles 
have 
become 
so tightly 
designed 
that 
little margin 
exists 
should 
any 
incompatibility 
arise 
between 
them. 


Driven for both speed and pin compatibili- 
ty, DRAM 
manufacturers 
have added 
ad- 
ditional 
modes to their designs 
such as the 


nibble 
and 
page 
modes. 
Processor 
de- 
signers 
have resurrected 
the multiple 
bus 


Harvard 
architectures, 
as evident 
in some 
of the commercially 
available 
RISC chips. 
And, 
by 
using 
small 
block 
read 
ahead 


caches, 
the 
processors 
hide 
slower 
DRAM 
accesses 
typically 
by bursting 
as 
many 
as four 
words 
in a read cycle. 
At- 


tempting 
to match the DRAM 
to the pro- 
cessor, 
or perform 
parity 
or ECC 
at full 


speed 
(i.e., no wait states) 
requires 
a fine 


balance 
of time 
budgeting, 
cost tradeoff 
and impedance 
matching 
among other is- 
sues. 
Performihg 
all of these 
functions 
has resulted 
in an address 
decode 
time 


between 
10 
and 
20 
nanoseconds, 
de- 


pending 
on the required 
set of tradeoffs. 
For example, 
a tight 80386 
memory 
cycle 


atfull speed may require 10 nanoseconds, 
which 
could 
be accomplished 
with a D- 


speed 
PLD, 
or with 
a fast 
PROM. 
Less 
than 1Ons is desirable, 
so 7.5ns PAL-type 
devices 
will help. The new PHD 16N8 and 
PHD48N22 
are ideal. 


System Partitioning 
Currently, 
most 32-bit 
processors 
gener- 


ate an address 
capable 
of logically 
span- 
ning four gigabytes. 
This is accomplished 
with 32 bits of distinct 
address 
lines. Avail- 


able memories 
occupy 
much less (i.e., 1 
megabit 
or less). A 1 megabit 
DRAM 
re- 
quires twenty bits of address, 
so selecting 


across 
twelve 
bit fields 
may be appropri- 
ate. Single 
module 
selection 
(or common 
address 
banks) 
could 
be accomplished 


with 
any logic device 
which 
can decode 
(i.e., generate 
a select condition) 
overthe 


12 high order address 
bits. Many contend- 


ers exist for this reason. 
The classic 
solu- 


tion would 
be the 74S133 
(tpo = 4ns) 
13 


input 
NAND 
gates 
with 
an 
additional 


74S04 
inverter 
to decode. 
Total decode 


time 
is at least 
eight 
nanoseconds. 
De- 


pending 
on the cycle 
requirements, 
this 


may 
be required, 
but typically 
is not. A 


more 
efficient 
method 
is simply 
a PLD 


which 
combines 
the wide 
logic gate with 


"free" input inverters 
where 
required. 


Additional 
select qualifiers 
may be need- 


ed to 
distinguish 
the 
precise 
assertion 


time of the select signal. The total number 


of decoding 
inputs will exceed 
the applied 


address 
signals. 


Given 
the memory 
choices 
selected, 
the 


designer 
must choose 
a decoding 
device 


which 
meets 
his criteria. 
A typical 
system 


would 
have a mix of PROM 
(system 
func- 


tions), 
STATIC 
RAM 
(no wait memory 
or 
cache), 
DRAM 
(slower 
bulk store) or dual 


port memory 
(video RAM or shared store). 


Each will have differenttiming 
constraints. 


Most systems 
today 
will have much 
less 


than the four gigabytes 
they can address, 


bu1 for 
software 
expansion 
reasons 
(or 


other system 
considerations)the 
memory 


may 
not 
run 
contiguously 
and 
small 


patches 
might 
be spread 
over the entire 


range. 
It will be important 
to decode 
pre- 


cisely 
to known 
regions 
and avoid 
acci- 


dental 
reference 
to nonexistent 
regions. 


In selecting 
a decode 
device, 
assuming 


one 
is required, 
several 
considerations 


become 
key. Should 
the software 
allow it, 


or the performance 
require 
it, the fastest 


decode 
is by distinct 
selection 
via direct 


connection 
to high order address 
lines. In 


today's 
organizations 
this will be the fast- 


est, 
most 
fragmented 
memory 
space. 


Electrical 
drive pitfalls 
can exist here. 


Tight layout of the board is also important so 
that precious, paid for nanoseconds 
are not 
given up to long PC connect lines, inputcapaci- 
tance and voltage 
reflections. 
Many of the 


Signetics candidates illustrated in this discus- 
sion are limited to speed applications requiring 
no more than 16mAoutputdrive. 
They may be 


inappropriate for extremely dense RAM arrays 
with long pc-trace 
interconnects. 
For simple, 


fast decode purposes, the D-speed PAL-type 
devices are good, with a logical choice being 
the 7.5ns PALICs. The new PHD family of parts 
is even beller. 


Some 
straight 
forward 
decoding 
examples 


follow 
with 
criteria 
for 
selecting 
specific 


Signetics PLD products for decode. These ex- 
amples exploit only one of many facets offered 
by these products. Other examples illustrate 


the use of Signetics PLDs for customized inter- 
rupt handling and a most extensive example 
shows a powerful solution to a SCSI bus inter- 
face. 


Bus Size Decoding 
for the 68020 
-PLUS18P8B 
Address decode for this class of processor is 
shown in successive sections (I.e., 68030 and 
80386). 
This 
example 
depicts 
a 
slightly 
different problem-"data 
bus sizing" which is 
accomplished 
by decoding the address and 
control signals replicated in the logic diagram in 
Figure 4-1. Basically the 68020 device will 
strobe data onto the 32--bit databus in byte 
oriented subfields olthe large word. Sixteen bit 
ports can receive either the upper or lower 16 
data lines. Other ports can respond to LLD 


(Data 0-7), 
LMDF (Data 8--15), UMD (Data 
16-23), or UUD (Data 24~1). 
All subfieldscan 
be simultaneously 
asserted as dictated from 
decoding the size control lines (SIZO, SIZ1) in 
conjunction with the low order address lines 
(AO,A1). 


Because the solution requires no product term 
sharing and is intensive on neither input nor 
output pins, a simple fast PAL device is the best 
choice-the 
PLHS18P8B is designated. The 


basic operation is to decode the input lines to 
indicate whether the bus should have 8, 16, or 
32 
bits driven 
onto 
it 
These 
signals 
are 


supplied to a device extemalto 
the micropro- 


cessor which then asserts the corresponding 
data. Figure 4-2 shows an appropriate pinlist 
under AMAZE with Figure 4-2 showing the logic 
equation file. 


Upper 
Upper 
Da •• (32-8it 
Port) 


Upper 
J.iddle 
Datil (32-Bit 
Port) 


Lo'W'ef'Middte o.ta (32-Bit 
Port) 


Lower 
lower 
Data (32-Bit 
Port) 


Upper 
Datil (16-8it 
Port) 


Lower Oa" (l6-Bit Port) 
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File 
Name 
Date 
@DEVICE 
PLHS18P8 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


~<--------FUNCTION--------> 
"PINLABEL 
PIN 
~ 
PIN_FCT 
AD 
1 
I 
A1 
2 
I 
SIZO 
3 
I 
SIZ1 
4 
I 


N/C 
5 
I 


N/C 
6 
I 


N/C 
7 
I 


N/C 
8 
I 
N/C 
9 
I 
GND 
10 
ov 
N/C 
11 
I 


N/C 
12 
IB 


N/C 
13 
IB 


LO 
14 
0 
uo 
15 
0 
LLD 
16 
0 
LMD 
17 
0 


UMD 
18 
0 
uuo 
19 
0 
vcc 
20 
+5V 


@COMMON 
PRODUCT 
TERM 


"CPT 
label 
= 
(expression)" 


@I/O 
DIRECTION 
@LOGIC EQUATION 
UUD= 
IAO*/A1 
; 


UMD= 
ISIZO*A1+A1*AO+SIZ1*/A1 
; 


LMD= 
IAO*A1+/A1*/SIZ1*/SIZO+SIZ1*SIZO*/A1+/SIZO*/A1*A 


LLD= 
AO*SIZO'SIZ1+SIZO*/SIZ1+AO*A1+A1*SIZ1 


UD = 
lAD 
; 


LO = 
AO+SIZ1+/SIZO 
; 


Interfacing 
to SPARe 
- 
PLUS20L8·7 


The SPARCTMprocessor isa modern RISC de- 
vice configured 
from a popular CMOS gate 
array. Architectural details can be found in data 
sheets and literature. Supporting a full 32 bit ad- 
dress decode at full speed requires a 60 nano- 
second 
instruction 
or data 
cycle. 
We will 


consider a SOns part although a JOns one is 
available. Figure 4-3 shows the pin definition 
and Figure 4-4 the basic timing. The address is 
driven out in two phases (low and high) and the 
data must be present 54 nanoseconds afterthe 
rising edge of clock 1. To meet the access time 
will require an SRAM of less than 60ns. In fact, 
the address 
generation 
requires JOns from 


when the low address is valid to when the high 
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<--REFERENCE-->" 
PIN_ID 
OE_CTRL" 


10 
Il 
12 
13 
14 
IS 
16 
17 
18 
GND 
19 
BO 
81 
82 
B3 
B4 
B5 
86 
B7 
VCC 


address is valid. This is almost untenable and 
most designs will rely on the high order address 
lines seldom changing with respect to the low 
order ones. Therefore, assuming the high order 
lines are static and basing address calculations 
on the low order transitions seems reasonable. 
Detecting a change from one "segment" to 
another in the high lines can key a "wait" condi- 
tion when addresses make big jumps. By llQl 
doing this, will force a very expensive SRAM 
solution if zero waits are required. Assuming 
zero wait states are desired, this will require a 
memory less than 20ns access, if the fastest 
(7.5ns) PLD is chosen. By virtue of its restricted 
width and even more restricted speed option for 
a zero wait state solution, the PLUS20L8-7 
is 
the only contender. This restricts the SPARC 


address space to 32 independent 
modules. 


The low order address lines must be latched 
within the RAM or externally. 


Full pertormance can be achieved for 32, 64K- 
bit static 
RAMs comprising 
'/z-mega 
word 
store at full speed. By allowing a single wait 
state, the options open enormously to include 
a full spectrum 
of SRAMs, 
PROMs, 
even 


DRAMs with any of the other decode devices. 
Figure 4-5 shows four such modules selecting 
off of AL 17-AH21 
address lines into 16K y 


4--bit, 35ns SRAMs. This populates the entire 
lower two megaword space with high pertorm- 
ance static RAM. The high order address lines 
(AH22-AH31) 
can select other such modules 


for expansion purposes. 


Programmable 
Logic Design 


and Application 
Notes 


Voo 
~"~} 


GND 


CLK 
~ 
ADDRESS 
BUS 


AH31-AH16 


AS17-AS10 


D3.-oo 
} 
DATA 
BUS 


FEXC 
mu: 
FROID 
WE 


FCC 
},"SOYW 
COPROCESSOR 


AD 
DEFINITION 
FCCV 
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The 80386 Pipeline 
Decoder - 
PLUS153D 
For example, select a mix of memory that will 
be located in small addressing chunk segments 
within the lower 16megabytes of the 80386 four 
gigabyte address space. See Figure 4-6. 


This decoding method will impact the memory 
addressing, but in a different way. The 80386 
supports a mode whereby a next address can 
be asserted early (1 clock cycle) if the user 
asserts the NA# pin. The interleaved slower 
memory may be sued by getting the nest 


2XCLOCK 
{ 


32-BIT 
{ 
OO-D 
DATA 


address earlier than normal to trigger an early 
memory cycle. Because we will be driving a 
single signal, NA#, a PLUS153 can be confi- 
gured with eight inputs and nine of the bidirec- 
tionals configured as inputs (I.e., 17 inputs, one 
output). By decoding addresses 31-17 with the 
status 
signal 
M asserted 
high and 
ADS# 
asserted low, an NA# will assert early to initiate 
a pipelined early transfer with a slower RAM. 
This approach allows designers to tune their 
specific 
memory 
speeds 
to the processor, 


CLK2 
"" 
AD 
RESS 
BUS'> 


BE3.t 


31< 
DATA PLUS 
BE2. 


BEl' 


BEOO 
r- 


W/RtI 


, 
NSO 
••. 
80386 
D.c. 


DL 
BS161 
;,. 
M/101 


READY. 
~ 
PROCESSOR 
LOCK' 
~ 


ION{ 
~ 


HOLD 
••. 
~ 
PEREO 


HLDA 
~ BUSY' 
~ ERROR' 


INTR 
I' 


TS{ 


NMI 
~ 
~ V 


RESET 
••• 
~ GND 
~ 
, 


Figure 4-7 illustrates the 80386 signal groups. 


Figure 4-8 illustrates various bus cycles with no 
wait states, and no pipelining. 


Figure 4-9 illustrates bus cycles with and with- 
out pipelining. 


Figure 4-10 illustrates the CLK2 time spans. 


Figure 4-11 illustrates the NA# pinlis!. 


Figure 4-12 illustrates the .BEE file for NA# 
generation. 


} 
} 


32-BIT 
BYTE 
ADDRESS 


ENABLES 


} 
COPROCESSOR 
SIGNALING 


} 
POWER 
CONNECTIONS 


according to timing needs. 


Figure 4-10 shows NA# generated for a pipe- 
lined address located in the lowest 128K of the 
address space. In Figure 4-11, the PLUS153D 
is shown as a single 17-input NAND function, 
most of the remaining portion of the part is un- 
used. The address strobe and M signals are 
includedto correctly qualify the address and not 
generate glitches into the NA# pin. Unless the 
p.c. board is poorly designed, the output drive 
of the PLUS153D will be adequate to drive the 
NA# pin and any additional PG-metal. Figure 
4-12 shows the AMAZE equation to decode. 


} G'GA"''' 
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I-------i 
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( 


••• 


1MEG 
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•• 
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CLK2 
[ 


(82384 CLK) [ 


BEO-BE3# 
[ 
A2-A31. 
M/1 0#. D/C# 


W/R# 
[ 


ADS# 
[ 


NA# 
[ 


BS16# [ 


READY# 
[ 


LOCK# 
[ 


Do--D31 [ 


IDLE STATES ARE SHOWN HERE FOR DIAGRAM VARIETY ONLY. 


WRITE CYCLES ARE NOT ALWAYS FOLLOWED BY AN IDLE STATE. 


AN ACTIVE BUS CYCLE CAN IMMEDIATELY FOLLOW THE WRITE CYCLE. 


Figure 4·8. Various Bus Cycles and Idle States with 
Non-Pipeline Address 
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File 
Name 
: NA 
386 


Date 
5/16/1988 
Time: 
16:37:58 


LABEL 
FNC ** 
PIN-----------PIN** 
FNC 


AD31 
I 
1-1 
1-20 
+5V 


AD30 
I 
2- I 
P 
1-19 
I 


AD29 
I 
3-1 
L 
1-18 
I 


AD28 
I 
4-1 
U 
1-17 
I 


AD27 
I 
5-1 
S 
1-16 
I 


AD26 
I 
6-1 
1 
1-15 
I 


AD25 
I 
7-1 
5 
1-14 
I 


AD24 
I 
8-1 
3 
1-13 
I 


AD23 
I 
9- I 
1-12 
I 


GND 
OV 
10-1 
1-11 
/0 
----------- 


LABEL 
VCC 
AD22 
AD21 
AD20 
AD19 
AD18 


AD 17 


M 
/ADS 
/NA 


File 
Name 
: NA 
386 


Date 
5/16/88 


Time: 
16:38:8 


@DEVICE 
TYPE 
PLUS153 
@DRAWING 


@DESCRIPTION 
THIS 
DESIGN 
DRIVES 
THE NA# SIGNAL 
LOW WHEN ASSERTED 
ON AN 


80386 
PROCESSOR 
FOR A MEMORY 
REGION 
SPANNING 
THAT DECODED 


BY THE EQUATION 
CONTAINED 
HEREIN. 


@LOGIC 
EQUATION 


/NA=/(/AD31*/AD30*/AD29*/AD28*/AD27*/AD26*/AD25*/AD24*/AD23 


*/AD22*/AD21*/AD20*/AD19*/AD18*/AD17*/ADS*M); 
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68030 Address 
Decoding 
- 
PlUS173D 
Although designers generally try to optimize 
every nanosecond of microprocessor perform- 
ance. it is typically not necessary for the CPU 
to always operate at full speed. Operating the 
CPU. when acceptable. at a slower speed can 
bring about a more economical and compact 
system. 
This is due to higher costs associated 


with fast memory and greater board area usage 
of very wide memory configurations. 


Some software routines in which slower per- 
formance may be acceptable are during power 
up initialization. diagnostic routines. or possibly 
some exception processing routines. Where 
speed is not critical. an 8-bit bus is the most 
economical and compact because of readily 
available byte wide memory components and 
buffers. The 68030 is easily interfaced to 8. 16. 
or 32-bit 
ports because it dynamically inter- 


prets the port size of the addressed device dur- 
ing each bus cycle. Figure 4-13 shows an 
example of interfacing both a relatively slow 


200ns 8-bit EPROM and fast 35ns 32-bit RAM 
to a 68030. A PLUS173D was chosen for its 
high speed and large number of inputs and 
outputs. Figure 4-14 shows the AMAZE pinlist 
and Boolean equations 
for the device. The 


EPROM occupies memory space 0--32K while 
the RAM occupies addresses 64K-128K. How- 
ever. please note that because not all of the 
upper memory address bits were decoded. the 
memory 
arrays 
will 
also 
appear 
at 
other 
addresses. 


32Kx8 
EPROM 


32 


0 
Q 
0 
Q 
0 
Q 
0 
Q 
A2-A15 
Two 
Two 
Two 
Two 


16KX4 
16KX4 
16KX4 
16Kx4 


SRAMs 
SRAMs 
SRAMs 
SRAMs 


-= 
-= 
-= 
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ViiiiiiiiViiiiiiiiii 
P 
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L 
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LABEL** 
FNC ** 
PIN 
----------PIN 
** 
FNC 
LABEL 
DLYIN** 
I 
1- 
1-24 
** 
+5V 
VCC 
IAS 
I 
2- 
1-23 
** /0 
IRMS 
A31 
I 
3- 
P 
1-22 
* * 0 
DSTRT 
A30 
I 
4- 
L 
1-21 
** /0 
IUUCS 
A19 
I 
5- 
U 
1-20 
** /0 
IUMCS 
A18 
I 
6- 
S 
1-19 
** /0 
ILMCS 
A17 
I 
7- 
1 
1-18 
** /0 
ILLCS 
A16 
I 
8- 
7 
1-17 
** /0 
IF.;PCS 
A1 
I 
9- 
3 
1-16 
** /0 
IACK1 
Ao 
I 
10- 
1-15 
** /0 
IACKo 
SIZO** 
I 
11- 
1-14 
** I 
RW 
GND 
** 
ov 
12- 
1-13 
** I 
SI21 
----------- 


@DEVICE 
TYPE 
PLUS173 
@LOGIC 
EQUATION 


"EPROM enable" 


Jepes 
= 
/(/a31*/a30*/a19*/a18*/a17*/a16*as); 


"start 
shift 
register 
during 
EPROM 
access" 


dstrt 
= 
/a31*/a30*/a19*/a18*/a17*/a16*as; 


"DSACKO 
after 
4 
clock 
cycles 
for 
EPROM 
access" 


lacko 
= Ild1yin); 


"immediate 
STERM 
upon 
RAM 
access" 


lack1 
= 
Il/a31*/a30*/a19*/a18*/a17*a16); 
"Byte 
select 
signals 
for 
RAM 
writes" 


/uucs 
j(aO*/al* 
/rw*a16*/a17*/a18*/a19*/A30*/a31); 


fumes 
= 
I( 
aO*/al* 
/rw*a16*/a17*/a18*/a19*/A30*/a31 
+/al*/sizO* 
/rw*a16*/a17*/a18~/a19*/A30*/a31 
+/al*/sizl* 
/rw*a16*/a17*/a18*/a19*/A30*/a31; 


lImes 
/( 
aO*/a!* 
/rw*a16*/a17w/a18w/a19*/A30*/a31 


+/al*/sizO*/sizlw/rw*a16*/a17w/a18*/a19w/A30*/a31 


+/al* 
sizO* 
sizl*/rwwa16w/a17*/a18*/a19*/A30*/a31 
+/al*aO*/sizO* 
/rw*a16*/a17*/a18*/a19*/A30*/a31); 


111cs 
II ao* a1* 
Irw*a16*/a17*/a18*/a19*/A30*/a31 


+/aO* 
sizO* 
sizl*/rw*a16*/a17*/a18*/a19*/A30*/a31 


+ 
/sizO*/sizl*/rw*a16*/a17*/a18*/al9*/A30*/a3l 
+ 
al* 
sizl*/rw*a16*/a17*/a18*/a19*/A30*/a31); 


/rmcs 
/( 
rw*a16*/a17*/a18*/a19*/A30*/a31); 
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The 29000, SRAM and the 
PLUS20L8D 
The 29000 processor can, in theory, access 
instruction 
memory 
every 
40 nanoseconds 


(Figure 4-15) allop speed. The naturaltenden- 
cy is to place this part into the highest perform- 
ance environment possible. This is still a very 
difficult 
problem. 
Similar 
to the SPARe, 
a 


simple brute force SRAM will yield no "wait 
states" by correctly combining, for instance, a 
25ns access time with the instruction cycle. 
One additional, and very important requirement 
will 
be 
a 
current 
drive 
of 
24mA. 
The 
PLUS20L8D PAL (Figure 4-16) can decode up 
to 20 inputs in 10 nanoseconds with 24mA of 


output drive. Making some assumptions about 
SRAM input capacitance, p.c. board trace ca- 
pacitance, etc., will assure the reader that the 
PLUS20L8D will not waste valuable time need- 
ed to achieve the maximum possible perform- 
ance. The following outlines verification thallhe 
PLUS20L8D will meet timing requirements. 


System clock 


29000 address valid 
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Consider, 
for 
example, 
the 
configuration 


depicted in Figure 4-17 with Motorola MCM 
6288 SRAMs. As depicted, there are eight 
modules forming a 16Kwordspace. The 29000 
is targeted to drive SOpfaccording to the data 
manual at lull speed (25M Hz dock). How much 
additional time delay will be attributed to the bus 
and RAM loading? 


For the chosen RAM configuration Cin= 8 (5pf) 
=40pf. Wewillhaveto~somevaluesfor 
p.c. wiring. One common one today is about 
20pflft. Placing our RAM on the same board, 


near the processor should require about a foot 
of trace/address line. The average CL = (40 + 
20) pf. This is just beyond the 10ns specified for 
testing the 2OL8 (i.e., 50pf), however, if we 
ignore it, the extra loading will not significantly 
impact this small system. 


To include it would incur additional assump- 
tions about the pull up and pull down resistance 
of the 20L8 (these values are typically between 
5 and 20 ohms), but are not strictly specified. 
The result is that we are within 2 nanoseconds 
of time delay by ignoring the capacitance. 


Tdelay 
(20L8) 
= 10ns (MAX) 


Tdelay 
(RAM access) = 25ns (MAX) 


Tdelay 
(29000) 
- 
5ns (MAX) 
40ns (MAX) 


Adding anything into the data path or a poor 
circuit layout can take the design out of spec., 
but by these assumptions, 
is can succeed. 


Design slack may be generated simply by in- 
serting the 20L8-7 and one gets 2.5ns of free 
time margin. 
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Interrupt 
Handler - 
PLS179 


In the 1970's I.C. manufacturers made the error 
of introducing 
microprocessor 
chips without 


having family support chips available. Often, 
months 
or 
years 
passed 
before 
relatively 


simple family additions arrived. Later, a similar 
situation arose when bus standards, LAN stan- 
dards, and disk standards failed to settle down 
for system designers to get sufficient market 
lead without LSI solutions. PLOs could have 
helped much here! As an example of designing 
a microprocessor family part, consider Figure 
4-18, which depicts an interrupt handler. In par- 
ticular, note that interrupt inputs will be latched 
into an 8-bit 
register. This in turn will be 


encoded to a 3-bit vector which may be appro- 
priately enabled and applied to the microbus. 
Figure 4-18 shows the eight flip-flops as having 
J-K and 10 inputs which will be generated with 
a PLS179 by switching the flip-flop control. 
Appropriate 
control 
signals 
for the various 
transactions might be as follows: 
1. CLOCK - the system synchronous time 
base. 


2. 
Interrupt Enable - when asserted high 
from the microprocessor, allows interrupts 
to be generated to the microprocessor. 


3. 
Interrupt - a strobe or level defined to in- 
dicate a pending interrupt and a valid 
encoded vector. 


4. 
Interrupt Acknowledge - a response 
signal from the microprocessor which may 
be used to enable the 3-bit vector onto 
the bus. As well, it may initiate clearing 
the currently asserted interrupt latch. 


5. IINTO-IINT7 - eight possible interrupt re- 


quest signals which must be asserted low 
and held there until service for that device 
has occurred. 


6. 
Reset - this is a system override signal 
which will clear all flip-flops during initial 
operation. 


Basic Operation 
Initially, the part should be reset by asserting 
the RESET pin high, asynchronously. 
Then, 
when interrupts are enabled, the 10-inputs to 
the 8 flip-flops will be synchronously scanning 
for interrupt inputs (asserted low). This will put 
a nonzero value into the eight bit register which 
will generate an interrupt output, combination- 
ally through the Complement array. In parallel, 
a 3--bit encoded vector will be applied on the 
VECO, VEC1, VEC2lines. 
Asserted high logic 


will be assumed for the vector. Presumably, a 
microprocessor will interrupt this, transfer con- 
trol to a service routine and clear the interrupt. 
The clear will be accomplished 
by disabling 
interrupts and strobing the vector value back 


into the PLS179, using the lACK signal. Disab- 
ling the interrupts will put the registers into J-K 
mode. J is tied to zero and K is decoded from 
the specifically strobed vector. Therefore, syn- 
chronous clear of the high priority bit is done. 
Interrupts are then re-enabled and the process 
continues. 


The PLS179 solution offers room for user alter- 
ation. For example, the lACK condition could 
be redefined as a combination of the ZOOIC- 
REO and M1 signals, or any specific splitting of 
internal 
signals could be easily done. The 


design could fit into a PLS 159A, but there would 
be less room for variation for specific users ex- 
act needs. Figure 4-20 shows the pinlist for the 
handler. Figure 4-21 gives the corresponding 
design file. A simulation Ruler template is given 
in Figure 4-22, and Figure 4-23 shows a simu- 
lation log file for some example interrupt trans- 
actions. In Figure 4-23, the simulation begins 
by asserting RESET followed by successive 
assertion of each interrupt bit to demonstrate 
the vector encoding. The second half begins 
with all eight interrupts asserted simultaneous- 
ly and each is cleared successively in descend- 
ing priority. IINTO is the highest priority. The 
interrupt 
is 
actually 
asserted 
through 
the 


PLS179 
Complement 
array 
behaving 
as a 
simple NOR gate. 
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Figure 4-18. Interrupt Handler 
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@DEVICE 
TYPE 
PLS179 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
JOE USER 
@NAME 
GENERIC 
INTERRUPT 
VECTOR 
GENERATOR 


@DESCRIPTION 
@PINLIST 


"PINLA8EL 
PIN 
PIN FCT 


CLOCK 
1 
CK 


ENA 
2 
I 


RESET 
3 
I 


lACK 
4 
I 
N/C 
5 
I 
N/C 
6 
I 
N/C 
7 
I 


N/C 
8 
I 


N/C 
9 
I 


INTERUPT 
10 
8 


VECO 
11 
8 


GND 
12 
OV 


OTE 
13 
10E 


VEC1 
14 
8 
IINTO 
15 
18 


IINT1 
16 
18 


IINT2 
17 
18 


IINT3 
18 
18 


IINT4 
19 
18 
lINTS 
20 
18 


IINT6 
21 
18 


IINT7 
22 
18 


VEC2 
23 


vcc 
24 
+SV 


<--REFERENCE-->" 
PIN_ID 
OE_CTRL" 
CLK 
IO 
Il 
12 
13 
14 
IS 
16 
I7 


80 
DO 
81 
D1 
GND 
10E 
82 
D2 


FO 
EA 
Fl 
EA 
F2 
EA 
F3 
EA 


F4 
E8 
FS 
E8 
F6 
E8 
F7 
E8 
83 
D3 
VCC 


@COMMON 
PRODUCT 
TERM 


CPT1~ 
/INTO*/INT1*/INT2*INT3 


CPT2~ 
/INTO*/INT1*/INT2'/INT3'/INT4*INTS 


CPT3~ 
/INTO*/INT1*/INT2*/INT3*/INT4*/INTS*INT6 


CPT4~ 
/INTO*/INT1*/INT2*/INT3*/INT4*/INTS*/INT6*INT7 


KLEARO 
~/VEC*/VEC1*/VECO*IACK; 
"DECODE VECTOR 
0" 


KLEAR1 
~/VEC2*/VEC1*VECO*IACK; 
"DECODE 
VECTOR 
1" 


KLEAR2 
~/VEC2*VEC1*/VECO*IACK; 
"DECODE 
VECTOR 
2" 


KLEAR3 
~/VEC2*VEC1*VECO*IACK; 
"DECODE 
VECTOR 
3" 


KLEAR4 
~VEC2*/VEC1*/VECO*lACK; 
"DECODE 
VECTOR 
4" 


KLEARS 
~VEC2*/VEC1*VECO*IACK; 
"DECODE VECTOR 
S" 
KLEAR6 
~VEC2*VEC1*/VECO*IACK; 
"DECODE VECTOR 
6" 


KLEAR7 
~VEC2*VEC1*VECO*IACK; 
"DECODE VECTOR 
7" 


@COMPLEMENT 
ARRAY 


/C = 
/IINTO 
+ INT1 + INT2 + INT3 + INT4 + INTS + INT6 + INT7); 


@I/O DIRECTION 
D3 
ENA; 


D2 
ENA; 


D1 
ENA; 


DO 
ENA; 


@FLIP FLOP 
CONTROL 
FC = /ENA; 
@OUTPUT 
ENABLE 
EA=OTE; 
EB~OTE; 
@REGISTER 
LOAD 


LA=ENA; 
LB~ENA; 
@ASYNCHRONOUS 
PRESET/RESET 
RA 
RESET; 


RB 
RESET; 


PA 
0; 


PB 
0; 


@FLIP FLOP MODE 
MO,M1,M2,M3,M4,MS,M6,M7 
1; 


@LOGIC 
EQUATION 


VECO 
(/INTO*INT1 
+ CPT1 
+ CPT2 
+ CPT4); 


VEC1 
~ 
(/INTO*/INT1*INT2 
+ CPT1 
+ CPT3 
+CPT4); 


VEC2 
= 
I/INTO * /INT1 
* /INT2 
*/INT3*INT4 
+ CPT2 + CPT3 
+ CPT4); 


INTERRUPT 
= 
I/C); 


INTO: 
J~O; 
K~KLEARO; 


INTl: 
J~O; 
K=KLEAR1 ; 


INT2; 
J~O; 
K~KLEAR2; 


INT3: 
J~O; 
K~KLEAR3; 


INT4: 
J~O; 
K~KLEAR4 ; 


INTS: 
J~O; 
K~KLEARS; 


INT6: 
J=O; 
K=KLEAR6; 


INT7: 
J~O; 
K~KLEAR7 ; 


@INPUTS 
13 /OTE 
3 RESET 
2 INTENABLE 


22 IINT7 
21 IINT6 
20 lINTS 
19 IINT4 
18 IINT3 
17 IINT2 
16 IINT1 
lS IINTO 


23 VEC2 


14 
VEC1 
11 VECO 


@OUTPUTS 
10 INTERRUPT 
23 
VEC2 


14 
VEC1 
11 VECO 


22 IINT7 
21 IINT6 
20 lINTS 
19 IINT4 
18 IINT3 
17 IINT2 
16 IINTI 
lS IINTO 
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PLS179 
INTERRUP 
Time 
14:53:31 
Date = 8/5/1987 


C / 
INP 
I/O 
<=PREV=> 
<=NEXT=> 
<=FOUT=> 
TRACE TERMS 


L 0 
K E 76543210 
3210 
76543210 
76543210 
76543210 


C 0 11111111 
LLLH 
LLLLLLLL 
LLLLLLLL 
NNNNNNNN 


C 0 11111010 
LLLLLLLL 
LLLLLLLL 
HHHHHHHH 


C 1 11111001 
HHHL 
LLLLLLLL 
HLLLLLLL 
C 1 11111001 
HHLL 
HLLLLLLL 
LHLLLLLL 
C 1 11111001 
HLHL 
LHLLLLLL 
LLHLLLLL 
C 1 11111001 
HLLL 
LLHLLLLL 
LLLHLLLL 


C 1 11111001 
LHHL 
LLLHLLLL 
LLLLHLLL 


C 1 11111001 
LHLL 
LLLLHLLL 
LLLLLHLL 
C 1 11111001 
LLHL 
LLLLLHLL 
LLLLLLHL 
C 1 11111001 
LLLL 
LLLLLLHL 
LLLLLLLH 
C 1 11111001 
LLLL 
LLLLLLLH 
HHHHHHHH 
C 0 11111100 
000. 
HHHHHHHH 
HHHHHHHL 
LLLLLLLH 


C 0 11111100 
OOL 
HHHHHHHL 
HHHHHHLL 
LLLLLLHH 
C 0 11111100 
010. 
HHHHHHLL 
HHHHHLLL 
LLLLLHHH 
C 0 11111100 
011. 
HHHHHLLL 
HHHHLLLL 
LLLLHHHH 
C 0 11111100 
100. 
HHHHLLLL 
HHHLLLLL 
LLLHHHHH 


C 0 11111100 
10l. 
HHHLLLLL 
HHLLLLLL 
LLHHHHHH 


C 0 11111100 
110. 
HHLLLLLL 
HLLLLLLL 
LHHHHHHH 


C 0 11111100 
l1l. 
HLLLLLLL 
LLLLLLLL 
HHHHHHHH 


-------X 
I/O CONTROL 
LINES 


BBBB 
DESIGNATED 
I/O USAGE 
BBBO 
ACTUAL 
I/O USAGE 


PINLIST ... 
01 13 09 08 07 06 05 04 03 02 23 14 11 10 
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
22 21 20 19 18 17 16 15 


Figure 4·23. Interrupt Simulation Log File 
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SCSI TARGET 
INTERFACE 
- 
PLUS105 
AND PLUS153B 
Overview 
Thisapplication provides a complete solution to 
the SCSI Target Interface. As well, it includes 
adetailed rendering of the PLUS 105 controlling 
transaction 
with a complete 
state equation 


solution. 


Introduction 
From its first introduction, the SCSI Bus (known 
as SASI in its initial days), has gained wide 
acceptance 
as a small computer 
peripheral 
bus. As the performance capabilities of mass 
storage peripheral 
devices 
increased, 
other 


bus specifications came into being to handle 
the increased performance requirements. 
In- 


terfaces such as the High Speed SCSI, ESDI, 
and proposed 
bytelword 
wide bus for high 


performance mass storage devices (to replace 
the de facto standard SMD Interface) are gain- 
ing acceptance. 
Though different from each 


other, they present the system designer with 
surprisingly similar handshake 
requirements 
for the transfer of command, status, data and 
other information among hosts and/or targets 
connected to the bus. 


In recent years severallC manufacturers have 
introduced single-<:hip controllers for the SCSI 
Bus, but none yet for the new proposed buses. 
The purpose of this application note is to use 
the SCSI Bus, known to most designers, as the 
vehicle to demonstrate 
the ease with which 
such buses can be handled by high perform- 
ance, low cost programmable sequencers. The 
design described is based on the PLUS105 (or 
the higher performance PLUS405). 


High performance programmable sequencers 
using 
the 
architecture 
exemplified 
in 
the 
PLUS105 have been available since Signetics 
invented and introduced the PLS105 in 1980. 


Functional 
Description 
The SCSI Interface described in this document 
is a Full Target Implementation that includes 
the following features: 


- 
Arbitration Capability 
- 
Reselect Capability 
- 
Software Programmable Target LD. 


- 
Full DMA Interface 


- 
Interrupt Generator 


The 
Reselect 
and 
Arbitration 
capabilities 
enable the implementation of an efficient, intel- 


ligent target controller. Once a command is 
received, the target can disconnect from the 
SCSI Bus, execute the command and recon- 
nect to the SCSI when data or status needs to 
be transferred to the requester. This reduces 
the amount of idle time on the bus; it also 
enables the target to receive multiple com- 
mands and execute them in the most efficient 


manner. 


The software programmable Target LD. allows 
the same design to be used for multiple targets 
sharing the same SCSI Bus. The DMA Inter- 
face 
is based on a straight-forward 
DMA 


RequesVDMA Acknowledge 
Handshake pro- 


tocol, enables fast data transfers without undue 
burden on the local intelligence. 


An 
open 
collector, 
active 
low 
interrupt 
is 


provided to request service by the local intelli- 
gence at the completion of transfers or in the 
event of errors. 


Programmer's 
Intertace 
The SCSI Port is operated through the use of 
five 
independently 
addressed 
registers: 


STATUS, COMMAND, TARGET ID, DATA IN, 
DATA OUT. 


ADDRESS 
REGISTER 
ACCESS MODE 


Base + 0 
STATUS 
Read only 


Base + 0 
COMMAND 
Write only 
Base + 1 
TARGETID 
Write only 
Base + 2 
DATA IN 
Read only 
Base + 2 
DATA OUT 
Write only 


- 
SET to enable the generation of interrupts from the Port. 


- 
SET to enable operation of the SCSI Port. Negation of this signal is required to clear the interrupt generated 
at the completion of every command. 


- 
SET to enable the DMA Interface of the SCSI Port. 


Defines the direction of transfers on the SCSI Bus 
o : From SCSI to TARGET 
1 : From TARGET to SCSI 


- 
SET for MESSAGE Transfers on the SCSI Bus 


Defines the type of transfer on the SCSI Bus 
o : DATA Transfer 
1 : COMMAND or STATUS Transfer 


- 
Two bit Function Code: 
00 
- 
Disconnect 
o 1 
- 
Transfer 
1 0 
- 
Reselect 
1 1 
- 
Arbitrate 


IROE 


PORTE 


DMAE 


CTLE 


MESG 


CTRL 
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SRST 


ATIN 


SLCT 


BUSY 


ARBT 


SLCD 


Function Completed. This signal gated with BIT 7 (IROE) of the Command Register generates an Interrupt to 
the local intelligence. 


Parity Error. The source of the error can be determined from the state of BIT 4 (CTLS) in the COMMAND 
Register: 


CTLS=O - Error on SCSI Bus 
CTLS= 1 - Error in local memory 


- 
Status of RESET signal on SCSI Bus 


- 
Status of ATIENTION 
signal on SCSI Bus 


- 
Status of SELECT signal on SCSI Bus 


- 
Status of BUSY signal on SCSI Bus 


- 
ASSERTED to indicated that the controller has won Arbitration and is in control of the SCSI Bus. 


- 
SELECTED. If both SLCD and SLCT are ASSERTED, the controller is being selected by another device on 
the SCSI Bus. 


TARGET 10 REGISTER 


1=====7===========6=======n=0=t===5 


u 


==s=e=d 
=====4===========3===== 
=====2===== 
=====T=ID==========o====== 


Port Operation 
As described in the previous section, the port 
can execute 4 commands: 
Arbitrate, Reselect, Transfer and Disconnect. 


The port monitors the SCSI Bus for the "bus free" state. When the bus is free, the port starts the Arbitration 
sequence togain bus mastership. Ifarbitration is won,the portwill generate an interrupt with the appropriate 
status in the STATUS Register. If arbitration is lost, the port returns to the monitoring of the SCSI Bus. 


The port transfers the desired 10 Byte from local memory (through DMA) to the SCSI Bus and waits for the 
appropriate response from the desired controller. When the desired controller responds, the Port generates 
an interrupt with the appropriate status in the STATUS Register. 


The port transfers data between local memory and the selected controller on the SCSI Bus until the DMA 
Termination Signal (DMACNTO) is asserted. At completion, the port generates an interrupt with the proper 
status in the STATUS Register. 


The port relinquishes Bus mastership. This results in the "bus free" state allowing other controllers to use 
the SCSI Bus. This is also the IDLE state for the Port. The port should be programmed for this state when 
there is no SCSI work in progress. 
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Arbitration 
Software 
Sequence 


PROC (arbitrate) 
negate DMAE. PORTE 
set SFC to ARBITRATE; assert PORTE 
---wait 
for completion --- 


negate PORTE 
IF port won arbitration 


THEN exit with normal stalus 
ELSE DO 
IF SRST 


TH EN exit with RESET slatus 
ELSE DO 


set~p 
single byte DMA transfer 


negate CTLS; assert DMAE, PORTE 
---wait 
for completion --- 


negate DMAE, PORTE 
exit with Port Selected Slatus 
END 
END 
END 


RESELECT 
Software 
sequence 


PROC (reselect) 
negate DMAE, PORTE 
place reselectlD 
byte in local memory 


set~p 
single byte DMA transfer 


set SFC to RES ELECT; assert DMAE, PORTE 
--- 
wait for completion --- 


negate DMAE, PORTE 
IF good completion 


THEN exit with normal stalus 
ELSE IFSRST 


THEN exit with reset slalus 
ELSE exit with error Slatus 


TRANSFER 
Software 
Sequence 


PROC (transfer) 


negate DMAE, PORTE 
set~p 
DMA controller 


set SFC to TRANSFER; set~p 
CTRL, CTLS. MESG; assert DMAE, PORTE 


---wait 
for completion --- 


negate DMAE. PORTE 
IF good completion 


THEN exit with normal stalus 
ELSE IF SRST 


THEN exit with reset Slatus 
ELSE exit with error Slatus 


DISCONNECT 
Software 
Sequence 


PROC (disconnect) 


negate DMAE, PORTE 
set SFC to DISCONNECT; assert PORTE 
--- 
wait for completion --- 


negate PORTE 
exit with normal stalus 
END 
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Hardware Description 
The SCSI Interface described in this document 
is implemented 
using 
three 
Programmable 
Logic Devices and a hand-full of FAST SSI/Oc- 
tals. Referring to the schematic in Figure 4-30 
(page 4--46), the functions of the different com- 
ponents are as follows: 


U6 
- 
(74F244) Port STATUS Register 


U7 
- 
(74F273) Port COMMAND Register 


U1 
- 
(74F374) DATA OUT Register 


U2 
- 
(74F374) DATA IN Register 


U8 
- 
(74F273) 
SCSI Bus signals Synchronization 
: Partial Status Latch 


U4 
- 
(74145) Asserts proper signal on SCSI bus during Arbitration. 


U5 
- 
(PLUS153B): 
Register Decode 


: 3-bit TARGET ID Register. 


U3 
- 
(PLUS153B) :Parity Generator/Checker 


:Arbitration Win Detection 
:Port Selected Detection 


U9 
- 
(PLUS105) 
: Executes all commands 
: Controls handshake with DMA controller 
: Controls REQlACK Handshake with SCSI Bus 
: Detects "bus free" state 
: Implements "arbitration delay" 


High Current, Open Collector Drivers for SCSI Bus 


NOTES: 
1. The interface requires an 8MHz Clock. The throughput of the interface can be increased by operating this circuit at 24MHz by using the 
PLUS405. 
2. The interface is initialized by an active low signal: /SYSRESET 
3. 
The DMA Interface consists of four signals: 


DMAENBL 
Software controlled DMA Enable 
DMAREQ 
asserted by the port (PLS105A) for each byte transfer 


/DMACYCLE 
- 
asserted by DMA controller as a response to DMAREQ 


/DMACNTO 
- 
asserted when the DMA transfer count reaches 0 


4. The processor (local intelligence) interface consists of 5 signals 


A1,AO 
/SYSSEL 
/SYSREAD 
- 


The two least significant address bits 
A block decode signal for the SCSI Port 
Active low, READ signal 
O-READ 
1-WRITE 
Active low, Open collector Interrupt 
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@DEVICE 
TYPE 
PLUSI05 


@DRAWING 
DNW-SIG-I05 
@REVISION 
A 
@DATE 
11-29-87 
@SYMBOL 
U9 
@COMPANY 
SIGNETICS 
@NAME 
DIMITRIOUS 
DOUROS 
@DESCRIPTION 
SCSI CONTROLLER 


@PINLIST 


~<--------FUNCTION--------> 
<--REFERENCE-->" 
"PINLABEL 
PIN 
H 
PIN FCT 
PIN-Ie 
OE~CTRL" 
8MHZ 
1 
CK 
CLK 
IDMACNTO 
2 
I 
17 
PORTENB 
3 
I 
16 
SELECTED 
4 
I 
IS 
WONARB 
5 
I 
14 
BBUSY 
6 
I 
13 
BSELECT 
7 
I 
12 
BACK 
8 
I 
Il 
BRESET 
9 
I 
10 
CBUSY 
10 
0 
F7 
IOE 
CSELECT 
11 
0 
F6 
IOE 
REQUEST 
12 
0 
F5 
IOE 
IARBITRATE 
13 
0 
F4 
IOE 
GND 
14 
ov 
GND 
SFCMPL 
15 
0 
F3 
IOE 
SPARERR 
16 
0 
F2 
IOE 
SDRVENB 
17 
0 
Fl 
IOE 
DMAREQ 
18 
0 
FO 
IOE 
LOW 
19 
IOE 
PR/OE 
ICBUSY 
20 
I 
Il5 
ICSELECT 
21 
I 
Il4 
IREQUEST 
22 
I 
Il3 
PARERROR 
23 
I 
Il2 
CTLSCSI 
24 
I 
III 
SFCI 
25 
I 
IlO 
SFCO 
26 
I 
19 
IDMACYCLE 
27 
I 
18 
VCC 
28 
+5V 
VCC 
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@LOGIC 
EQUATION 
@DEVICE 
SELECTION 


SCSI_CTL!PLSI05 


DISCONNECT 
DATA_XFER 
RESELECT 
ARB COMMAND 


100B; 
101B; 
110B; 
I11B; 


POWER_UP_OUT' 
~ 00010000B; 


@STATE 
VECTORS 
[Q5,Q4,Q3,Q2,Ql,QOJ 


POWER 
UP 
IDLE~ 
IFH; 


ANY STATE 


SELECTED 
1 
3CH; 


SELECTED 
2 
ISH; 
SELECTED_3 
19H; 


SELECTED 
4 
lAH; 


RESELECT 
1 
10H; 


RESELECT 
2 
IlH; 


RESELECT 
3 
12H; 


RESELECT 
4 
13H; 


RESELECT 
5 
3BH; 


RESELECT 
6 
33H; 
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ARBITRATE 
1 
ARBITRATE 
2 
ARB_DE LAY_GO 
ARB DELAY 
IP 


ARB_DELAY_QU 


~ 
OOH; 
~ 
OFH; 
20H; 
10----B; 
2EH; 


DATA_XFER_l 
DATA_XFER_2 
DATA_XFER_3 
DATA XFER 
4 


DATA XFER 
5 


DATA_XFER_SL 


14H; 
15H; 
16H; 
17H; 
34H; 
lAH; 


[POWER_UP) 
() 
THEN 
[IDLE] WITH 
[POWER_UP_OUT'] 


WHILE 
[ANY_STATE] 


IF 
[BRESET] 
THEN 
[COMPLETE_l] 
WITH 
[DISCNCT_OUT') 


[IDLE] 
[/BRESET*DISCONNECT*ICBUSY) 
THEN 
[COMPLETE_l] 
WITH 
[DISCNCT OUT'] 
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[IDLE) 
[/BRESET*/BSELECT*/BBUSY*RESELECT*ICBUSY*ICSELECT) 
THEN 
[RESELECT 
1) WITH 
[CBUSY',CSELECT' ,SDRVENB' ,DMAREQ') 


[RESELECT 
1J 
[/BRESET*DMACYCLE) 
THEN 
[RESELECT_2] 
WITH 
[/DMAREQ'] 


[RESELECT 2] 
[/BRESET] 
THEN 
[RESELECT 3) 


[RESELECT_3] 
[/BRESET] 
THEN 
[RESELECT 4) 


[RESELECT 
4] 
[/BRESET*ICBUSY] 
THEN 
[RESELECT_5) 


[RESELECT_5) 
[/BRESET*ICBUSY) 
THEN 
[RESELECT 5J WITH 
[/CBUSY'] 
[/BRESET*/ICBUSY] 
THEN 
[RESELECT_6J 


[RESELECT_ 6] 
[/BRESET*/ICBUSY*BBUSY] 
THEN 
[COMPLETE 1J WITH 
[CBUSY',/CSELECT' ,SFCMPL'] 


WHILE 
[IDLE] 
IF 
[/BRESET*PROTENB*/ICBUSY*/ICSELECT*/BBUSY*BSELECT*SELECTED*/PARERROR) 
THEN 
[SELECTED_I] 
WITH 
[SFCMPL' ,DMAREQ'] 


WHILE 
[SELECTED 1) 
IF 
[/BRESET*/PORTENB*DMACYCLE] 
THEN 
[SELECTED 2] WITH 
(CBUSY',/SFCMPL' ,SDRVENS',/DMAREQ'] 


WHILE 
[SELECTED 2J 
IF 
[/BRESET) 
THEN 
[SELECTED 3] 


WHILE 
[SELECTED_3) 
IF 
[/BRESET] 
THEN 
[SELECTED 4] WITH 
[SFCMPL'] 


WHILE 
[SELECTED 
4) 
IF 
[/BRESET*PORTENB] 
THEN 
[COMPLETE_I) 
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[IDLE] 
[/BRESET*ARB 
COMMAND*/ICBUSY*/BBUSY*/BSELECT) 
THEN 
[ARBITRATE 
1J 


[ARBITRATE 
1] 
[/BRESET*(BBUSY+BSELECT) ] 
THEN 
[IDLE] 
[/BRESET*/BBUSY*/BSELECT] 
THEN 
[ARB_DELAY_GO) 
WITH 
[CBUSY',ARBITRATE' ,SDRVENB'] 


[ARB DELAY 
IP) 
[/BRESET*QO) 
THEN 
[/QO) 


[/BRESET*/QOJ 
THEN 
[QO) 
[/BRESET*Q1*QOJ 
THEN 
[/Q1) 


[/BRESET*/Q1*QO] 
THEN 
[Q1] 
[/BRESET*Q2*Q1*QO] 
THEN 
[/Q2J 
[BRESET*/Q2*Q1*QO) 
THEN 
[Q2] 
[/BRESET*/Q3*Q2*Q1*QO] 
THEN 
[Q3] 
[/BRESET*ARB_DELAY_QU] 
THEN 
[ARBITRATE_2] 


[ARBITRATE_2) 
[/BRESET*/BSELECT*WONARB) 
THEN 
[COMPLETE_1] 
WITH 
[CSELECT' ,/ARBITRATE' ,SFCMPL'] 


[/BRESET*BSELECT] 
THEN 
[IDLE] WITH 
[/CBUSY',/ARBITRATE',/SDRVENB'] 


WHILE 
[IDLE) 


IF 
[/BRESET*ICBUSY*/ICSELECT*DATA_XFER*CTLSCSIJ 
THEN 
[DATA_XFER_1] 
WITH 
[REQUEST'] 


IF 
[/BRESET*ICBUSY*/ICSELECT*DATA 
XFER*/CTLSCSI] 


THEN 
[DATA_XFER-1J 
WITH 
[DMAREQ'] 


WHILE 
[DATA XFER 
1] 


IF 
[BRESET*PROTENB*IREQUEST*BACK] 
THEN 
[DATA XFER 
1] WITH 
[DMAREQ'] 


IF 
[/BRESET*PORTENB*DMACYCLE] 
THEN 
[DATA_XFER_2] 
WITH 
[/OMAREQ'] 


WHILE 
[DATA XFER 2] 
IF 
[/BRESET]- 
THEN 
[DATA_XFER_3] 


WHILE 
[DATA XFER 3] 


IF 
[/BRESET]- 
THEN 
[DATA_XFER_4J 
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[DATA XFER 
4] 
[/BRESET*PORTENB*/PARERROR*DMACNTO*/CTLSCSI] 
THEN 
[COMPLETE_1] 
WITH 
(SFCMPL'] 


(/BRESET*PORTENB*/PARERROR*SMACNTO*CTLSCSI] 
THEN 
(DATA_XFER_5] 
WITH 
(REQUEST'] 


[/BRESET*PORTENB*/PARERROR*/SMACNTO] 
THEN 
[DATA_XFER_1] 
WITH 
(REQUEST'] 
[/BRESET*/PORTENB] 
THEN 
[DATA_XFER_SL] 
WITH 
(SFCMPL'] 
[/BRESET*PORTENB*PARERROR] 
THEN 
(COMPLETE_1] 
WITH 
(SFCMPL',SPARERR'] 


{DATA XFER 5] 
[/BRESET*IREQUEST*BACK] 
THEN 
{COMPLETE_1] 
WITH 
(SFCMPL'] 


[COMPLETE_1] 
[/BRESET*/PORTENB] 
THEN 
[COMPLETE_2] 
WITH 
(/SFCMPL' ,/SPARERR'] 


(COMPLETE_2] 
(/BRESET*PORTENB] 
THEN 
{IDLE] 


(IDLE] 
[/BRESET*/BSELECT*/ICBUSY*/SFC1*/SFCO] 
THEN 
(IDLE] 
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@ORAWING 
SIG_APN88_02 
@REVISION 
A 
@OATE 
8-8-88 
@SYMBOL 
U3 


@COMPANY 
SIGNETICS 


@NAME 
ASP APPLICATIONS 
GROUP 
@OESCRIPTION 
CSI 
TARGET 
CONTROLLER. 
ARBITRATION/SELECTION 
LOGIC 


"<--------FUNCTION--------> 
<--REFERENCE-->" 


"PINLABEL 
PIN 
PIN FCT 
PIN 
10 
OE CTRL" 


SOO 
1 
I 
10 
SOl 
2 
I 
11 


S02 
3 
I 
12 
S03 
4 
I 
13 
S04 
5 
I 
14 
S05 
6 
I 
IS 
S06 
7 
I 
16 
S07 
8 
I 
17 
PARI 
9 
0 
BO 
DO 
GNO 
10 
OV 
GNO 
PAR2 
11 
0 
B1 
01 
100 
12 
I 
B2 
02 
ID1 
13 
I 
B3 
03 
ID2 
14 
I 
B4 
04 
A-WONARB 
15 
0 
B5 
05 
A-SELECTED 
16 
0 
B6 
06 
PARERROR 
17 
0 
B7 
07 
GEN-PAR 
18 
0 
B8 
08 
REC-PAR 
19 
I 
B9 
09 
vcc 
20 
+5V 
vcc 
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@COMMON 
PRODUCT 
TERM 
MAX-ID-MATCH 
~ IDl * 
ID1 
* 
ID2 
* 5D7 


@I/O 
DIRECTION 


@LOGIC 
EQUATION 


A-5ELECTED 
IDa 
* 
/IDl 
* /ID2 
* 
SOl 
+ 
/IDO 
IDl 
* 
/ID2 
* 
5D2 


+ 
IDa 
IDl 
* 
/ID2 
* 
5D3 
+ 
/IDa 
* /IDl 
ID2 
'* 
SD4 
+ 
IDa 
* 
/IDl 
ID2 
* 
5DS 
+ 
/IDa 
IDl 
ID2 
'* 
SD6 


+ 
MAX-ID-MATCH 
A-WONARB 
IDa 
* 
/IDl 
* 
/ID2 
* 
5Dl 
* 
/5D2 
/5D7 
+ 
/IDO 
IDl 
+ 
IDa 
IDl 
+ 
/IDa 
* 
/IDl 
+ 
IDa 
* 
/IDl 


+ /IDa 
IDl 
MAX-ID-MATCH 
• PARITY 
GENERATOR 
( PARl AND PAR2 ARE PARTIAL 
TERM5 
)." 
5DO 
* /5Dl 
* /5D2 
+ 
/5DO 
5Dl 
* 
/5D2 
+ /5DO 
* 
/5Dl 
5D2 
+ 
5DO 
5Dl 
5D2 


5D3 
* /5D4 
* /5D5 


+ 
/5D3 
5D4 
* 
/5D5 
+ 
/5D3 
* 
/5D4 
5D5 
+ 
5D3 
5D4 
5D5 
PARl 
* PAR2 
* /5D6 
* /5D7 


+ PARl 
*/PAR2 
5D6 
* 
/5D7 
+ PARl 
*/PAR2 
* /5D6 
5D7 
+ PARl 
* PAR2 
5D6 
5D7 


+ 
/PARl 
*/PAR2 
* /5D6 
* /5D7 
+ /PARl 
* PAR2 
5D6 
* /5D7 
+ /PARl 
* PAR2 
* /SD6 
5D7 


+ /PARl 
*/PAR2 
SD6 
5D7 


·PARITY 
ERROR 
GENERATOR. 
ERROR 
FLAGGED 
IF RECEIVED 
PARITY 
15 DIFFERENT 
FROM CALCULATED 
PARITY." 


PARERROR 
~ /GEN-PAR 
* REC-PAR 
+ GEN-PAR 
* /REC-PAR 
; 


* 
/ID2 
* 
/ID2 


ID2 
ID2 
ID2 


* /SD3 
* 
/SD4 
* /SD5 
* 
/5D6 


* 
/5D7 


* /5D3 
* /5D4 
* /5D5 
* 
/5D6 
* 


* /5D4 
* /5D5 
* /5D6 
* 
/5D7 


* /5D5 
* /5D6 
* /5D7 
* /5D6 
* /5D7 


* /5D7 
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@ORAWING 
SIG_APN88_02 
@REVISION 
A 
@OATE 
8-8-88 
@SYMBOL 
us 
@COMPANY 
SIGNETICS 


@NAME 
ASP APPLICATIONS 
GROUP 


@OESCRIPTION 
SCSI TARGET 
CONTROLLER. 
REGISTER 
CONTROL 
LOGIC 


@PINLIST 


"<--------FUNCTION--------> 
<--REFERENCE-->" 


"PINLABEL 
PIN 
PIN FCT 
PIN 
ID 
OE CTRL" 


10MACYCLE 
1 
I 
10 
AO 
2 
I 
Il 
A1 
3 
I 
12 


ISYSREAO 
4 
I 
13 


ISYSSEL 
S 
I 
14 


OBO 
6 
I 
IS 


081 
7 
I 
16 


OB2 
8 
I 
17 
SORVENB 
9 
I 
BO 
DO 
GNO 
10 
ov 
GNO 
CTLSCSI 
11 
I 
81 
01 


IWRCTRL 
12 
10 
82 
02 


IROSTAT 
13 
10 
B3 
03 


IROOATA 
14 
10 
B4 
04 


100 
lS 
0 
8S 
os 


ID1 
16 
0 
B6 
06 


102 
17 
0 
B7 
07 


BUFEN8L 
18 
0 
B8 
08 


IWROATA 
19 
10 
B9 
09 


vcc 
20 
+Sv 
vcc 
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@COMMON 
PRODUCT 
TERM 


@I/O DIRECTION 
@LOGIC 
EQUATION 


BUFENBL 
~ SDRVENB 


/DMACYCLE 
CTLSCSI 
/SYSSEL 
/SYSREAD 
Al 
AO 
FUNCTION 


H 
X 
L 
L 
a 
a 
READ STATUS 
REG. 


H 
X 
L 
H 
a 
a 
WRITE 
CONTROL 
REG. 


H 
X 
L 
L 
a 
1 
DATA BUFFER 
- READ 


H 
X 
L 
H 
a 
1 
- WRITE 


H 
X 
L 
L 
1 
X 
-- NOT VALID -- 


H 
X 
L 
H 
1 
X 
SET TARGET 
ID 


L 
L 
X 
X 
X 
X 
DMA 
: SCSI -> SYSTEM 


L 
H 
X 
X 
X 
X 
DMA 
: SYSTEM 
-> SCSI 


IDO-2 ARE THE TARGET 
ID CODE. 
THE ID REGISTER 
IS IMPLEMENTED 


IN THE PLUS153 
BY SUPPLYING 
A SET TERM 
( WITH DBO-2 
) AND A 
HOLD TERM 
( WITH 
IDO-2 
). 


IDa 
/DMACYCLE 
* SYSSEL 
* Al 
* /SYSREAD 
* 
DBD 


+ 
/ ( 
/DMACYCLE 
* SYSSEL 
* Al 
* /SYSREAD 
* IDa 


1Dl 
/DMACYCLE 
* SYSSEL 
* Al 
* /SYSREAD 
* 
OBI 


+ 
/ ( 
/DMACYCLE 
* SYSSEL 
* Al 
* /SYSREAD 
* IDl 


1D2 
/DMACYCLE 
* SYSSEL 
• Al 
• /SYSREAD 
* 
DB2 


+ 
/ ( 
/DMACYCLE 
• SYSSEL 
• Al 
• /SYSREAD 
• 102 
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and 
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The CCITI 
V.27 SCrambler- 
PLC18V8Z 
The 
Radio 
Shack 
publication 
"Under- 


standing 
Data Communications" 
contains 


a 
brief 
description 
of 
the 
CCITI 
V.27 


recommended 
scrambler 
for 
use 
with 


4800bps 
modems. 
The logic diagram 
for 


this circuit is a serial cascade 
of Dflip-flops 


with 
Exclusive-OR 
gates 
tapped 
in and 


out 
of 
the 
data 
stream. 
This 
class 
of 


machines 
implements 
transformations 


based upon Galois 
polynomials 
which are 


often 
described 
by linear 
sequential 
ma- 


chines 
(i.e., D-FFs 
and EX-0R 
gates). 


having to redesign 
a gate array is relative- 
ly high should 
a communication 
protocol 
be 
implemented 
in 
one 
and 
require 


change. 
A PLD solution 
is an ideal 
em- 
bodiment 
for a product 
designed 
to imple- 
ment 
an emerging 
standard 
because 
it 


can 
be 
changed 
when 
the 
"standard" 


changes. 


This section 
covers 
several 
examples 
of 
data communication 
designs 
from whole 
protocols 
to 
simple 
scramblers-along 


with 
a 
customizable 
speech 
synthesis 
system 
using the Philips 
PCF8200. 


COMMUNICATIONS 
USING PLDs 
PLD devices 
are particularly 
appropriate 
for 
digital 
communications. 
High 
speed 


sequencers 
form 
a 
natural 
means 
of 
handshaking 
and 
protocol 
checking, 


where 
PLAs and PALs can decode 
paral- 


lel header 
information. 
But, 
PLDs 
fill 
a 
need for digital 
communications-that 
of 


the emerging 
"standard". 
Once 
an initial 
specification 
for a communication 
proto- 
col 
is agreed 
upon, 
the 
manufacturers 
may generate 
product 
to meet the current 


specification. 
This 
will probably 
not em- 
body the final specification, 
but will closely 
resemble 
it. Unfortunately, 
the penalty 
for 


DsX"'" 
+ DsX-7 


D. = D; + DSX_6 + DSX_7 
D; = Ds (1 + X_6 + D X_7 
+ 
+ 
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File 
Name: 


Date: 
Time: 


@DEVICE 
TYPE 


PLC18V8Z 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


CCITT 
V.2? 
Scrambler 
10131/1988 
16:17:41 


"PINLABEL 
PIN 


CLOCK 
1 


DIN 
2 


N/C 
3 
N/C 
4 


N/C 
S 
N/C 
6 


N/C 
7 


N/C 
8 


N/C 
9 


GND 
10 
ENA 
11 


Xl 
12 
X2 
13 


X3 
14 


X4 
IS 


XS 
16 


X6 
17 
X7 
18 


DOUT 
19 
VCC 
20 


PIN FCT 
CLK 
I 
I 
I 
I 
I 
I 
I 
I 
OV 
JOE 


D 


D 


D 
D 


D 


D 


D 
B 
+SV 


<--REFERENCE-->" 
PIN 
ID 
OE CTRL" 


IO/CLK 
- 
11 
12 
13 
14 
IS 
16 
17 


18 
GND 
I9//0E 


BO 
DO 
Bl 
Dl 
B2 
D2 
B3 
D3 
B4 
D4 
B5 
D5 
B6 
D6 
B7 
D7 


VCC 


@COMMON 
PRODUCT 
TERM 
"CPT LABEL 
~ 
(expression)" 


@I/O 
DIRECTION 


D7 
~ 
1 
; 


@LOGIC 
EQUATION 


DOUT 
X7*/X6*/DIN 
+ /X7*X6*/DIN 
+ X7*X6*DIN 
+ /X7*/X6*DIN 


Xl: 
D 
DOUT 


X2: 
D 
Xl 


X3: 
D 
X2 


X4: 
D 
X3 
X5: 
D 
X4 


X6: 
D 
X5 


X7: 
D 
X6 
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A Novel Speech Synthesizer 
- 


PLS159A 
The goal of this design was to build a small 
board capable of transmitting a variety of verbal 
messages 
in conjunction 
with 
the 
Philips 
PCF8200 
speech 
synthesis 
part. Judicious 
partitioning resulted in a PLS159A acting as a 
controller, an HC4040 counter addressing an 
EPROMandan 
EPROM which provides binary 


data to the PCF8200. 


The PLS159A transacts with the PCF8200 
(Busy, 
etc.) 
and 
controls 
pulsing 
to 
the 


HC4040. Upon asserting the pushbutton, the 
cycle begins and proceeds to advance the 
HC4040 in increments 3FF (HEX) consecutive 
addresses. Figure 5-6 shows the system in full 
detail. The ultimate signal comes from the 
8200, and drives an op-amp which delivers the 
final signal to the speaker. Various R-C combi- 
nations implement filtering and a simple pot 
provides the level control. 


Programming the EPROM was accomplished 
by capturing short messages on audio tape, 
downloading 
to a Philips PCF8200 develop- 


ment system which analyzes and compresses 
the data for efficient storage. The result is an 
EPROM file which needs 3FF HEX addresses 
to store about 1Oseeof speech. 


Figure 5-9 shows the AMAZE state equation 
entry file for the PLS 159A which handshakes 
with the 8200 and 4040 parts. 


@DEVICE 
TYPE 
PLS159 
@DRAWING 
...................... PLD CONTROLLER 
FOR PCF8200 
SPEECH 
SYNTHESIZER 


@REVISION 
.................•.... 
B 
@DATE 
...................... 9/07/88 
@SYMBOL 
...................... PLSI59 
@COMPANY 
...................... SIGNETICS 
CORPORATION 


@NAME 
@DESCRIPTION 


This 
circuit 
will 
perform 
most 
functions 
required 
to 
achieve 
a 
minimum 


configuration 
PCF8200 
speech 
synthesizer 
system. 


REV-A 
**Original 
design 
modified 
to 
work 
in 
existing 
ASP 
demo 
board. 
*** 


REV-B 
**Fixed 
SEE/BEE 
file 
to 
eliminate 
random 
quits 
during 
utterances 
l)Gray 
code 
for 
sequencer. 


2)Input 
latch 
added 
on 
REQ 
signal 
from 
PCF8200 
for 


synchronization 


FUNCTIONS 
PERFORMED: 


I.System 
Oscillator 
for 
sequencer 
controller 
2.Byte 
update 
control 
via 
EPROM 
to 
PCF8200 


~<---------FUNCTION---------> 
<--REFERENCE-->" 
"PINLABEL 
PIN 
PIN FCT 
PIN 
ID 
OE CTRL" 


6_MHZ 
IN 
1 
CK 
CK 
- 


REQ 
2 
I 
10 
BUSY 
3 
I 
II 


END ADRS 
4 
I 
12 
N/C 
5 
I 
13 
R C 
6 
IB 
BO 
DO 
6_MHZ OUT 
7 
0 
Bl 
Dl 
START_REQ 
8 
I 
B2 
D2 


N/C 
9 
/B 
B3 
D3 


GND 
10 
ov 
GND 


N/C 
11 
JOE 
10E 
SVO 
12 
/0 
FO 
EA 
SVI 
13 
/0 
Fl 
EA 


SV2 
14 
/0 
F2 
EA 
N/C 
15 
/B 
F3 
EA 


REQLATCH 
16 
/0 
F4 
EB 


RESET 
17 
/0 
F5 
EB 


COUNT 
18 
/0 
F6 
EB 
WRITE 
19 
/0 
F7 
EB 


VCC 
20 
+5V 
VCC 
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@COMPLEMENT 
ARRAY 


@I!O DIRECTION 
DO ~ 6 MHZ OUT; 
@FLIP FLOP-CONTROL 
FC 
= 
1; 


@OUTPUT 
ENABLE 


EA 
~ 
0 
; 


EB ~ 0 ; 
@REGISTER 
LOAD 


000 B; 
011 B; 
101 B; 
110 B; 
100 B; 
010 B; 
111 B; 


@LOGIC 
EQUATION 
** 
OSCILLATOR 
SECTION 
" 
6 MHZ OUT ~ R C; 
R=C ~-I (1) 
- 


"LATCH 
FOR 
SYNCHRONIZATION 


OF PLD AND SPEECH 
CHIP 


CLOCKS" 
"CAPTURE 
OF REQ SIGNAL 
FROM 


PCF8200" 


@INPUT VECTORS 
@OUTPUT 
VECTORS 
@TRANSITIONS 


Figure 5-4. PlS159A 
SPEECHB 


.BEE File 


WHILE 
[ S4 
] 
IF 
[REQLATCH] THEN 
[ S5 
) WITH 
[/WRITE',COUNT'] 


IF 
[END_ADRS + IBUSY] THEN 
[ S6 ) WITH 
[RESET'] 


.5V 
U4 
74HCT4040 
CLK01 9 
02 7 


RST 03 
04 
05 
06 
07 
08 
09 
010 
011 
012 


R13 
4.7K 


SW2 


SW PUSHBUTTON 


-=- Bn 
14.8v 
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CCITI 
Forward 
CRC Polynomial 
- 
PLUS405 
This application illustrates the use of Signetics 
PLUS405 in a high speed data communication 
application. TypicaJlY,largerpolynomiaJ encod- 
ers permit error checking 
over larger data 


streams than smaller ones. This design imple- 
ments a sixteenth order polynomial and the fig- 
ures that follow show the logic equations to 
implement it. 


File 
Name 
: crc_gen 
Date 
10/30/1987 


Time: 
11:10:56 


LABEL 
FNC 
**PIN----------- 
PIN 
FNC 
LABEL 
CLK 
CK 
1-1 
1-28 
+5V 
VCC 
N/C 
I 
2-1 
1-27 
I 
G 
N/C 
I 
3-1 
1-26 
I 
N/C 
D 
I 
4-1 
P 
1-25 
I 
N/C 
N/C 
I 
5-1 
L 
1-24 
I 
N/C 
XIl3 
I 
6-1 
U 
1-23 
I 
XIl2 
XIl4 
I 
7-1 
S 
1-22 
I 
XIl1 
XIl5 
I 
8-1 
4 
1-21 
I 
XIlO 
XIl6 
I 
9-1 
0 
1-20 
I 
XI9 
X016 
0 
10-1 
5 
1-19 
INT 
RESET 
X015 
0 
11-1 
1-18 
0 
X09 
X014 
0 
12-1 
1-17 
0 
X010 
XOD 
0 
13-1 
1-16 
0 
X011 
GND 
OV 
14-1 
1-15 
0 
X012 
----------- 


Figure 5·7. PLUS405 Pinlist 


File 
Name 
: ere 
gen 
Date 
10/30/1987 
Time 
: 11:11:2 


@DEVICE 
TYPE 


PLUS405 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 


This 
design 
implements 
the 
eRe-ceITT 
forward 
polynomial 
with 
a 
PLUS405. 


The 
eRe-CeITT 
forward 
polynomial 
is 


NOTE: 
Since 
this 
polynomial 
requires 
a 
16-bit 
shift 
register 
together 
with 
an 
array 
of 
exclusive-OR's 
the contents 
of the 8 output 
flip-flops 


must 
be 
fed 
back 
into 
the 
array 
via 
the 
input 
pins 
of 
the 
PLUS405. 


Bits 
1 
to 
8 
are 
formed 
with 
the 
a-bit 
internal 
register 
while 
the 


remaining 
8-bits 
are 
made 
out 
of 
the 
a-bit 
output 
register 
the 
outputs 


of 
which 
are 
externally 
fed 
back 
to 
inputs 
XI9 
through 
XI16. 


@COMPLEMENT 
ARRAY 


@BURIED 
REGISTER 
CLOCK 


@INIT/OE 
RESET 
= 
RO, Rl, R2, R3, R4, R5, R6, R7, 
R8, R9, R10, RH, 
R12, RD. 
R14, R15 
; 
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Xl 
: 
INPUT 
~ 
(D 
XOR 
XII6) 
* 
G 
~ 
(/D 
* 
XIl6 
* 
G) 
+ 
( 
D * 
IXIl6 
* 
G); 
"* 


************************************************************* 


Xl 
: J 
(D * 
IXIl6 
* 
G) 
(/D * 
XI16 
* 
G) 


K 
IG 
+ 
(0 
* 
XIl6) 
(/0 
* 
IXIl6) 


X2 
J 
Xl 
K 
IXI 


X3 
J 
X2 
K 
IX2 


X4 
J 
X3 
K 
IX3 


XS 
J 
X4 
K 
IX4 


X6 
: 
J 


K 


X7 
J 
K 


X8 
J 
K 


X09 
:J 
K 


XOIO:J 
K 


XOll 
:J 
K 


XOI2:J 
K 


(/G 
* 
XS) 
+ 
(/0 
* 
XS * 
XIl6) 
+ 
(D * 
XS * 
XIl6) 
+ 


(G * 
0 * 
IXS 
* 
IXIl6) 
+ 
(G * 
ID 
* 
IXS 
* 
XIl6) 
; 
(/G 
* 
IXS) 
+ 
(D * 
IXS 
* 
XIl6) 
+ 
(/D 
* 
IXS 
* 
IXIl6) 
+ 


(G * 
0 * 
XS * 
IXIl6) 
+ 
(G * 
10 
* 
XS * 
XIl6) 
; 


XOl3 
: 
J 


K 


X014 
J 
K 


XOIS 
J 
K 


XOl6 
J 
K 


(/G 
* 
XIl2) 
+ 
(/D 
* 
XIl2 
* 
XIl6) 
+ 
(D * 
XIl2 
* 
XIl6) 
(G * 
0 * 
IXIl2 
* 
IXIl6) 
+ 
(G 
*/0 
* 
IXIl2 
* 
XIl6) 
; 
(/G 
* 
XIl2) 
+ 
(0 
* 
IXIl2 
* 
XIl6) 
+ 
(/D 
* 
IXIl2 
* 
IXIl6) 
+ 


(G * 
D * 
XIl2 
* 
IXIl6) 
+ 
(G * 
ID 
* 
XIl2 
* 
XIl6) 
; 


Signefics 


INSTRUMENTATION 
Instrumentation 
typically 
involves 
the 
measurement 
and 
often 
the 
display 
of 


physical 
world 
parameters. 
Digital 
sys- 


tems are particularly 
effective 
in this area 


and as usual, 
are largely 
limited 
only 
by 


the designer's 
imagination. 
This 
section 


describes 
three 
distinct 
examples 
of in- 


strumentation 
provided 
from customer 
in- 


teraction. 


The last design 
involves 
implementing 
the 


sweep 
circuitry 
for an oscilloscope. 
This 


can be extended 
and modified 
for similar 


designs. 
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Another 
example 
is a pulse width monitor 


which 
can 
be used 
in controlling 
power 
pulses, 
radio strength 
or radar/sonar 
tim- 


ing measurements. 


The first example 
shows several 
parts be- 


ing 
used 
to 
make 
a plethysmographic 
mon~or (i.e., heart rate). This has straight- 


forward 
medical 
and health 
applications. 


The 
beauty 
of 
PLD 
solutions 
to 
these 
problems 
is simple -they 
are readily mod- 


ifiable 
for adaption 
for another 
end use. 
The oscilloscope 
circuit 
could 
be altered 


for 
a laser 
light 
show. 
The 
pulse 
width 
monitor 
could pick up a timing 
pulse from 


a disk and the plethysmographic 
system 


could 
be 
configured 
for 
animals 
rather 


than humans. 


Heart Beat Monitor - PLS159A, 
PLS168A 
and PLS153 
PLDs 
can 
be used 
as powerful 
building 


blocks 
in implementing 
the dig~al portion 


of a low cost portable 
heart beat monitor. 


This monitor 
is capable 
of displaying 
the 


heartbeat 
in pulses per minute. 
Figure 6-1 
shows the system 
block diagram. 
The dig- 


ital portion 
is inside the dashed 
lines. 
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Operation 
A transducer generates the heart beat pulses 
which are amplified and filtered. A level detec- 
tor (one-shot) converts the amplified signals to 
TTL level signals. A 15 second timer is used to 
count the number of pulses in fifteen seconds. 
The number is multiplied by fourto approximate 
the number of pulses in sixty seconds. A binary 
to BCD converter is used to display the result. 
A start switch resets the system and initiates 
the count. 


Transducer 
There are several techniques to monitor the 
blood flow in the peripheral 
system. These 


r----------, 
I 
I 
PHorb 
RESISTORi\, 


III 
II 
I _ 
L----------.:L 
BLACK 
SHIELD 
= 


techniques 
include optical plethysmography, 


ultrasonic 
flow 
measurement, 
piezoelectric 


pickup of peripheral arterial pulse, Korotkoff 
sounds, and recording the ECG. 


Light plethysmography is used as the transduc- 
er in this design. The Tektronix light plethysmo- 
graph (Figure 6-2), operates by measuring the 
reflectance of skin to red light. As blood flows 
into the skin's capillary bed with each heart 
beat, the reflectance changes and this change 
is amplified and observed. 


Amplifier/Filter 
Signetics SA?41 OP-amp is used as bandpass 


filter with a gain of 20, and a frequency re- 
sponse of 1-200 Hz. Figure 6-3 shows the cir- 
cuit diagram of the amplifier/filter stage. 


Level Detector 
PLS153 


The amplified signal is fed through the 'Level 
Detector' stage to create a square wave. A 
Schmitt- Triggeris used to generate the square 
wave. Application Note 18 in the Signetics PLD 
Data Manual explains the implementation of 
the Schmill- Trigger in detail. A PLS153 is used 
to create the Schmitt Trigger. The PLS153 also 
holds the glue logic and other functions for the 
system explained further in this article (see Fig- 
ure 6-4). 


31JlF 
-; 


~ 


K 
HEART_BT_IN 
HEART_BT_OUT 


16K 
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~II 


@DEVICE 
TYPE 


PLS153 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 
"<---------FUNCTION---------> 
"PINLABEL 
PIN 
t 
PIN FCT 
SET 
1 
1- 
RST 
2 
I 
HEART 
BT IN 
3 
I 
15 
SEC 
4 
I 
N/C 
5 
I 
N/C 
6 
I 
N/C 
7 
I 
N/C 
8 
I 
N/C 
9 
B 
GND 
10 
ov 
RESET 
11 
0 


NTRESET 
12 
0 
NO_HRT_BT 
13 
0 
HEART_BT_OUT 
14 
0 
BT 
IN 15 SEC 
15 
0 
N/C 
16 
B 
N/C 
17 
B 
N/C 
18 
B 
N/C 
19 
B 


vcc 
20 
+5V 


15SECllMER 
(PLSl68A) 
CLOCK 
INPUT 


<--REFERENCE-->" 
PIN 
ID 
OE CTRL" 


10 
11 
12 
13 
14 
15 
16 
17 
BO 
DO 
GND 
B1 
D1 


B2 
D2 
B3 
D3 
B4 
D4 
B5 
D5 
B6 
D6 


B7 
D7 


B8 
D8 
B9 
D9 
vcc 


,,"""---- 
. 


;' 
/ 
/ 
/I 
I 
III 
\ 
\ 
\\'\'\ 
"- 


............ - 
-" 


lmOlT/COUNT_END 
-- 


@COMMON 
PRODUCT 
@I/O 
DIRECTION 
@LOGIC 
EQUATION 


"Level 
Detector 


HEART BT OUT 
"Debou~ce~" 


(Schmitt 
Trigger)" 


HEART BT_IN; 


RESET 
NTRESET 
"15 
Second 
Timer 


Level 
Detector" 


BT 
IN 15 SEC 


/SET 
+ 
/NTRESET; 


/RESET 
+ /RST; 


ANDed 
with 
the 
output 
of 
the 


Fifteen second 
Timer 


To create a fifteen second timer, a counter can 
be constructed with the PLS 168A such that the 
number of counts is equivalent to 15 seconds. 
To achieve this, the 60Hz signal from the power 
line is passed through a transformer and a half- 
wave rectifier to create the clock input to the 
PLS168A (see Figure 6-7). 
The number of counts needed to create the 15 
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second time interval is calculated in the follow- 
ing manner: 


for the counter. Figure 6-10 is the timing dia- 
gram to generate the number of pulses in 15se- 
conds. 
The reset switch is used to initiate the count. 
This switch is debounced using the PLS153 of 
Figure 6-4. Figure 6-9 shows the circuit dia- 
gram of the debouncer. The design equations 
for the debouncer are shown as part of the de- 
sign equation files of Figure 6-6. 
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HEARTJlJ1IU1J1 
BEAT 
PULSE 


INPUTT0--f1JlJ1J1 
PULSE 
COUNTER 
I•• 


Cust/Project 
Rev/I. 
D. 
PLS168A 


If n = number of registers with feedback, then 
an n-bit counter can be created with any of 
Signetics sequencers using only n+1 terms. 


Table 6-' shows the implementation of the 15 
second timer in the PLS168A. Input variable 10 
is the inputfrom the reset switch and' 15_SEC' 
is the Count_End signal. At the 900th count 
(terms 12 & 13; HHHLLLLHLL), output '0' goes 
to a logic low, indicating that the end of the 
count has been reached. 


T 
! 
OPTION 
PIE 
!L! 
E 
!-------------------------------------------------------------------------- 


R 
!! 
INPUT 
VARIABLE 
PRESENT 
STATE 
NEXT 
STATE 
!OUTPUT 
' 
M 
!e!l 1 -------------------------------------------------------------------- 
! 
!1 
0 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0!9 
8 
7 
6 
5 
4 
3 
2 
1 
0!9 
8 
7 
6 
5 
4 
3 
2 
1 
0!3 
2 
1 
O! 


O!~!-~ 
- --~-------~---~--H!---_:-- 
- --~------L!---~-------~------H!------H! 
1!.!- - - -,- 
-,- - - H!- -,- - - -,- - L H!- -,- - - -,- - H L!- - - H! 
2!.!- 
- - -,- - - -,- 
H!- -,- 
-,- L H H!- -,- - - -,- H L L!- - - H! 
3! .!- 
- - -,- 
- - -,- 
- H!- -,- 
-,L H H H!- -,- - - -,H L L L!- - - H! 
4!.!- 
- - -,- - - -,- - - H!- -,- - - L,H H H H!- -,- - - H,L L L L!- - - H! 


5!.!- 
- - -,- - - -,- 
- H!- -,- - L H,H H H H!- -,- - H L,L L L L!- - - H! 


6!.!- 
-,- - - -,- - - H!- -,- L H H,H H H H!- -,- H L L,L L L L!- - - H! 


7!.!- 
- - -,- - - -,- - - H!- -,L H H H,H H H H!- -,H L L L,L L L L!- - - H! 


8!.!- 
-,- - - -,- - - H!- L,H H H H,H H H H!- H,L L L L,L L L L!- - - H! 
9!.!- 
-,- - - -,- - - H!L H,H H H H,H H H H!H L,L L L L,L L L L!- 
H! 
10!.!- 
- - -,- - - -,- - - H!H H,H H H H,H H H H!L L,L L L L,L L L L!- - - H! 
11!.!- 
-,- - - -,- - - L!- -,- - - -,- - - -!L L,L L L L,L L L L!- - - H! 
12!A!- 
- - -,- - - -,- 
- L!H H,H L L L,L H L L!L L,L - - -,- L - 
_1_ 
- 
- 
H! 
13!A!- 
- - -,- - - -,- - - H!H H,H L L L,L H L L!H H,H L L L,L H L L!- - - L! 
14! 
! 
15! 
! 
16! 
! 
17! 
! 
18! 
! 


19! 
! 
20! 
! 


43!A! 
44!A! 
45!A! 
46!A! 
47!A! 


Each line (or term) in Table 6-1 is part of the 
state transition of the 15 second counter/timer. 
Term 11 is used to reset the counter when the 
'RESET' switch goes low. With Don't Cares (-) 
in the 'Present State' column, any time reset 
becomes low, the counter resets to zero, re- 
gardless of the counter's current state. Terms 
0-10 
create 
the counter. 
The complement 


array is used to avoid any undefined states and 
also to force the counter to a known state upon 
power up. 


To countthe 
number of heart beats in 15 sec- 


onds, the end of count output of the 15 second 
timer is ANDed with the heart beat pulses. The 
result of this 'AND' function is the number of 
pulses in 15 seconds. This 'AND' function is 
also implemented in the PLSl53 of Figure 6-4. 


Pulse Counter 
and Multiply 
by 


Four 
The resources on a single PLS159A can be 
used to construct the 'pulse counter' and 'multi- 


r-----------------, 


PLS15.A 
I 


COUNTER 
elK 
eLK 


ply by four' portion of the heart beat monitor. 
Figure 6-11 shows the block diagram of the 
Counter, Shift-Register, and an internal oscilla- 
tor used as the clock for the shift-register. 


To calculate the number of heart beats in one 
minute, the counter first counts the number of 
heart beats in 15 seconds. The counter is 
clocked by the 'NO_HRT_BT' signal which is 
the number of heart beats in 15 seconds. 


When the fifteen seconds is over, the binary 
number stored in the counter is multiplied by 
four. The final value of this multiplication is the 
number of heart beats per minute. 


The shift register multiplies the binary output of 
the counter by four by shifting this value twice 
to the left. During the 15 second period within 
which the counter is counting the number of 
heart beats, the shift register is disabled. When 
the 15 second period is over the counter is dis- 
abled and the shift register and the oscillator 
which clocks the shift register are enabled. 


The shift register and the counter use the same 
flip-flops. When the PLS159A is in the 'counter' 
mode, the flip-flops are 'J-K' type. When the 
PLS159A is in the shift register mode, the flip- 
flops are switched to 'D' type. 


CLOCK: The clock for the PLS 159A is supplied 
from two sources. The number of heart beats 
clocks the device when the PLS159A is in the 
counter mode. The oscillator takes over when 
the device is in the shift register mode. The 
combinatorial outputs of the PLS159A can be 
used to create the oscillator. Application Note 
13 (AN13) in the Signetics PLD Data Manual 
explains how this oscillator is implemented. 
Figure 6-12 shows the oscillator circuit dia- 
gram. 


The oscillator output is enabled when the 15 
second time period is over, so when the shift is 
over the outputs reflect the heart beat per min- 
ute in binary form. The maximum heart beat un- 
der extenuating circumstances can reach 300. 
Therefore, an 8-bit counter could measure a 
normal person's heart beat. 
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Shift 
Register 
(Terms 
8-14): 
Shifts 
the 
final 
count 
by 
2 thus 


multiplying 
the 
result 
by 
four. 


Oscillator 
(Terms 
16,17, 
DO,Dl): 
Used 
to 
clock 
the 
PLS159 
when 
in 
shift 
reg 


mode 
Flip 
Flop 
Control 
(Fe): 
Switches 
the 
flip 
flop 
mode 
into 
'D' 


! F/F TYPE 
!_------- 
---- 
---- 
---- 


!A:A:A:A:A:A:A:A! 
1 
!L:L:L:L! 
T 
! 
E 
!---------------------------------------------------------- 
R 
!! 
I 
! B(i) 
Q(p) 
Q(n)! 
B(o) 
M 
!C!-------------------------------------------------------- 


I 
!3 2 1 0'3 2 1 0!7 6 5 4 3 2 1 0!7 6 5 4 3 2 1 0!3 2 1 O! 
O!-=!--H---H!~ 
- - -!-------~-------!-- - --~------O!. 


1!-!- 
H 
- 
H!- 
- 
- 
_1_ 
- 
- 
-,- 
- 
- 
L!- 
- 
- 
-,- 
- 
0 
_I 


2!-!- 
H 
- 
H!- 
- 
- 
-1- 
- 
- 
-,- 
- 
L 
L!- 
- 
- 
-,- 
0 
- 
_I 
3!-!- H - H!- 
- - 
-1- 
-,- 
L L L!- - - -,0 - - -! 
4!-!- H - H!- - - -!- 
-,L L L L!- - - 0,- 
_1 


5!-!- H - H!- 
- - 
_1_ 
- 
- 
L,L L L L!- - 
_, 
I 
6!-!- H - H!- 
-!- 
- L L,L L L L!- a - 
-,- 
_I 
7!-!- H - H!- - - -!- 
L L L,L L L L!O - - -,- - - 
_I 


8! 
! 


9!-!- H - L!- - - 
_1_ 
- 
- 
-,- 
- 
- 
H!. 


10!-!- H - L!- - - 
_1_ 
-,- 
- 
H -! 
11!-!- H - L!- - - 
-1- 
- 
- 
-,- 
H - -! 


12!-!- 
H 
- 
L!~ 
- 
- 
-1- 
- 
- 
-,H 
I 
13 ! - ! - 
H - 
L! - 
- 
- 
- 
1 - 
H, - 
- 
- 
-! 
A 
14!-!- 
H - L!- 
- - -!- 
- H -,- - - -!A 
15! 
! 
! 


16!-!- 
_1_ 
- 
H 
_1 
,_ 
17!-!- 
- __ 
1_ 
- 
- 
_1_ 
_, 
__ 


Fc!-!- 
- - H!- - - 
-1- 
- 
- 
-, 
! 
Pb!-!- 
L 
- 
_1_ 
- 
- 
-1- 
, 
I 


Rb! 
! 
Lb! 
! 
Pa!-!- 
L - -!- 
Ra! 
! 
La! 
! 
03! 
! 
02! 
! 
01!-!- 
- - 
_1_ 
- 
- 
H!- 
, 
I 
OO!-!- 
- - L!- - - 
_1_ 
- 
- 
-,- 
- 


Table 6-2 illustrates the implementation of the 
binary counter, shift register, and oscillator. '12' 
is the RESETsignaJ input. '10'is the '15_SEC' 
signal input used to enable/disable the counter, 
shift register, and oscillator. '80' is the oscillator 
output used to clock the PLS159A when it is in 
the shift register mode. 
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Binary to BCD Converter 
82S135 and 82S126 PROMs can be used to 
generate BCD code to drive three 7-segment 
displays. A look--<Jptable is programmed in the 
PROMs to generate the correct BCD number. 
The 7-segmentdisplays 
have theirown decod- 
ers and display drivers. Figure 6-13 shows the 
overall system diagram. 


15 SECOND 
60Hz 
-TIMER 
CLOCK 


B B B 
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The Pulse Width Monitor - 
PLS168 
Simple in concept, this design was implem- 
ented at the fuse table level. Its elementary 
operation is that of a programmable timer which 
can detect a pulse condition exceeding a speci- 
fied duration. This customer used the part in a 
system where the timer prevented the destruc- 
tion of expensive, high-power 
equipment. 


@DEVICE 
TYPE 
PLS168/BCA 
@DRAWING 
TRANSMITTER 
FAULT 
MONITOR 
@REVISION 
@DATE 
4/4/1988 
@COMPANY 
@NAME 
@DESCRIPTION 
THIS 
DEVICE 
IS PROGRAMMED 
TO FUNCTION 
AS 
12-BIT UP COUNTER 
RUNNING 
AT 2.5MHZ 
(400 NS BIT RESOLUTION 
1 TOT. CNT 
OF 1.64 MS). THE COUNTER 
IS DYNAMICALLY 
CONTROLLED 
TO START COUNTING 
WHEN THE 
(SIGIN) 
INPUT 
IS ASSERTED 
HIGH. 


IF THE 
(SIGIN) INPUT 
IS NOT NEGATED 
BY THE TIME THE COUNTER 
ELAPSES 
TO 105 US THE COUNTER 
ASSERTS 


THE ALARM 
OUTPUT 
HIGH. AT THIS POINT 
THE COUNTER 
CONTINUES 
TO COUNT 
UNTIL 
AN ELAPSED 
TIME OF 
922 US 
+ 
105 US 
(1.027 MS). 


DURING 
THE 
922 US CYCLE COUNT 
THE SEQUENCER 
SAMPLES 
THE 
(SIGIN INPUT) EVERY 
53 US. 
IF THE 
INPUT IS 
ASSERTED 
HIGH THE SEQUENCER 
WILL 
SET THE ALARM 
FLAG AND TIME OUT FOR THE SPECIFIED 
ALARM 
TIME OUT 
CYCLE 
(922 US). 
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<-----------12 
BIT COUNTER----------> 
2 
1 
o 
0 
5 
2 
4 
2 
1 
5 
1 
8 
4 
2 
6 
6 


Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 


1 
1 
987 
6 
5 
4 
3 
2 
1 
0 
1 
0 


L 
H 
L 
L 
H 


H 
L 
H 
L 
H 


L 
L 
L 
H 
L 


L 
H 
H 
H 
L 


H 
H 
L 
H 
L 


L 
L 
H 
H 
L 


H 
L 
L 
H 
H 


L 
L 
L 
L 
L 


L 
H 
H 
L 
L 


H 
H 
L 
L 
H 


L 
L 
H 
L 
H 


H 
L 
L 
H 
L 


H 
H 
L 
H 
L 


IF THE 
(SIGIN) INPUT 
IS NEGATED 
BEFORE 
THE ELAPSED 
TIME OF 105 US THE COUNTER 
CONTINUES 
TO COUNT 
UNTIL 
THE ELAPSED 
TIME OF 
955 MS. AT THIS POINT 
THE COUNTER 
AGAIN 
RESETS 
ITSELF 
UNTIL 
THE NEXT 
(SIGIN) INPUT REQUEST. 


DURING 
TEST MODE, 
THE SEQUENCER 
SAMPLES 
THE SIGIN 
PULSE AT A REPETITION 
RATE OF 72 US. WITH 
A 
PULSE 
WIDTH 
OF 6.5 US. THE TIME OUT FOR AN ALARM DETECT 
IS BASED 
ON SAMPLE 
A CHECK 
ONCE EVERY 
US, AFTER 
THE 
10 US SAMPLE 
FOR SIGIN NEGATION. 


END 


@PINLIST 
~<---------FUNCTION---------> 
<--REFERENCE-->" 


~PINLABEL 
PIN ~ 
PIN FCT 
PIN-ID 
OE CTRL" 


CLK 
1 
CK 
CK 
- 
; 


SIGIN 
2 
I 
15 
- 
; 


N/C 
3 
I 
14 
- 
; 


SIGDLYIN 
4 
I 
13 
- 
; 


AIN 
5 
I 
12 
- 
; 


IA1 
6 
I 
Il 
- 
; 


IAO 
7 
I 
10 
- 
; 


FAO 
8 
0 
FO 
10E ; 
FA1 
9 
0 
F1 
10E ; 


SIGDLYOUT 
10 
0 
F2 
10E ; 


ALARM 
11 
0 
F3 
10E ; 


GND 
12 
OV 
GND 
- 
; 


N/C 
13 
0 
PO 
10E ; 


N/C 
14 
0 
P1 
10E ; 


N/C 
15 
0 
P2 
10E ; 
N/C 
16 
0 
P3 
IDE ; 


IDE 
17 
PR 
PR/IOE 
- 
; 


N/C 
18 
I 
III 
- 
; 
N/C 
19 
I 
IlO 
- 
; 


N/C 
20 
I 
19 
- 
; 


N/C 
21 
I 
18 
- 
; 


N/C 
22 
I 
17 
- 
; 
N/C 
23 
I 
16 
- 
; 


VCC 
24 
+5V 
VCC 
- 
; 


Figure 6·15. PLS168/BCA TRFDECT PinUst 


File 
Name 
: TRFDECT 
Date 
9/14/1988 
Time: 
13:24:44 


T 
OPTION 
PIE 
!L! 


E 
!-------------------------------------------------------------------------- 
R 
! ! 
INPUT VARIABLE 
PRESENT 
STATE 
NEXT STATE 
!OUTPUT 
! 
M 
!C!l 
1 -------------------------------------------------------------------- 


! !1-0-9-8-7-6-5 4 3 2 1-0!9 8 7 6 5 4 3 2 1 0!9 8 7 6 5 4 3 2 1 0!3 2 1 O! 
O!A!- 
H- 
L- 
-,-- - - - - - - - - 
L-L- 
L-L- 
H- - 
- - - 
-,L 
- 
- - 
- - - - 
-!L 
L,L 
L,L 
L!- 
- -! 


1! 
!- - - - - - - -,H 
-!- - - - - - - - - 
L!- - - - - - - - - 
H!- 
- - -, 
2! 
!- - - - - - - -,H 
-!- 
- - - - - - - L H!- - - - - - - - 
H L! - - - -, 


3! 
!- - - - - - - -,H - - -,- - - - - - - L H H!- - - 
- - H L 
L!- 
- - -, 
4! 
!- - - - - - - 
-,H 
-,- 
- - - - -,L H H H!- - - - - 
-,H L L L!- - - -, 
5! ,- - - - - - - -,H - - -,- - - - - L,H H H 
H!- 
- - - - H,L L L L!- - - -! 
6! ,- - - - - - - -,H 
-,- - - - L H,H H H H!- - - - H L,L L L 
L!- - - -, 
7! 
!- - - - - - - 
-,H 
-,- - - L 
H H,H H H H!- - - 
H L L,L L L L!- - - -, 


8! ' - 
- - - - -,H 
-,- 
-,L H H H,H 
H H 
H!- 
-,H L L L,L L L 
L!- 
- - -! 
9 ! !- 
- - - - -,H 
-,- 
L,H H H H,H H H H!- 
H,L L L L,L L L L!- - - -, 


10! ' - - - - - - - -,H - - 
-!L 
H,H H H H,H H H H!H 
L,L L L L,L L L L!- - - - , 
11! 
!- - - - - - - -,H - - L!H 
H,H H H H,H H H H1L 
L,L L L L,L L L 
L!- 
- - H! 
12 ! !- - - - - 
-,H - L H!H H,H H H H,H H H H!L 
L,L L L L,L L L L1- - H L! 
13! 
!- 
- - - - 
-,H - H H!H 
H,H H H H,H H H H!L 
L,L L L L,L L L L1L 
L L L! 
14 ! ,- 
- - - - - - - - -!- 
- - - - - - - - -,- 
- - - - - - 
-,- 
- - -, 
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15 !A!- 
- - - - - H -,H L L L!L 
L,H H H H,H H H H!L 
H,L L L L,L L L LlH 
- L L! 


16!A! 
- - - - - - - -,H L H L!L 
H,H L L H,L L L H!L 
L,L L L L,L L L L!L 
L L L! 


17 !A!- 
- - - - - - -,H H H L!H 
L,L L L L,L H H L!L 
L,L L L L,L L L L!L 
L L L! 
18!A!- - - - - - H -,H L H 
L!L 
L,H H L L,L L H 
L!L 
H,L L L L,L L L L!H 
- L L! 
19! A!- 
- - - - - L -,H L L L!L 
L,L L L H,H L L H!H 
H,L H H L,H L L 
H!- 
- H H! 
20 !A!- 
- - - - - 
H -,H L L 
L!L 
H,H L L L,L H L L!L 
H,L L L L,L L L L!H 
- L L! 


21 !A!- 
- - - - - H -,H L L L!H 
L,L L L L,H L L L!L 
H,L L L L,L L L L!H - L L! 
22 !A!- 
- - - - - H -,H L L 
L!H 
L,H L L L,H H L H!L 
H,L L L L,L L L L!H - L L! 
231A!- 
- - - - - 
H -,H L L L!H 
H,L L L H,L L L H!L 
H,L L L L,L L L L!H - L L! 
24 !A!- 
- - - - - H -,H L L 
L!H 
H,H L L H,L H H L!L 
H,L L L L,L L L 
L!H 
- L L! 


25 !A!- 
- - - - - 
H -,H L L H!L 
L,L L L H,H L H L!L 
H,L L L L,L L L L!H - L L! 
26!A!- - - - - - H -,H L L H!L 
L,H L L H,H H H L!L 
H,L L L L,L L L 
L!H 
- L L! 


27 !A!- 
- - - - - H -,H L L 
H1L 
H,L L H L,L L H H!L 
H,L L L L,L L L L!H 
- 
L L! 


28! 
A! ~ - - - - - H -,H L L H!L 
H,H L H L,H L L L!L 
H,L L L L,L L L L!H - L L! 
29!A! 
- 
- - - 
- - H -,H L L 
H!H 
L,L L H L,H H L L!L 
H,L L L L,L L L 
L!H 
- L L' 
30!A!~ - - - - - H -,H L L H!H 
L,H L H H,L L L L!L 
H,L L L L,L L L L!H 
- L L' 


31 !A!- 
- - - - - H -,H L L 
H!H 
H,L L H H,L H L H1L 
H,L L L L,L L L L!H 
- 
L L! 
32!A!- 
- - - - - 
H -,H L L 
H!H 
H,H L H H,H L H L!L 
H,L L L L,L L L L!H - L L! 


33!A!- 
- - - - - H -,H L H L!L 
L,L L H H,H H H L!L 
H,L L L L,L L L 
L!H 
- 
L L! 
34 !A!- 
- - - - - H -,H L H 
L!L 
H,L H L H,L L H H1L 
H,L L L L,L L L 
L!H 
- 
L L' 
35!A! 
- 
- - - - - 
H -,H L H L!L 
H,L H H H,H L L 
H!L 
H,L L L L,L L L L!H - L L! 


36 !A!- 
- - - - - H -,H L H 
H!H 
H,L H H H,L H L H!L 
H,L L L L,L L L L!H 
- 
L L! 


37 !A!- 
- - - - - 
H -,H L H 
H!H 
H,H L L L,L L H L!L 
H,L L L L,L L L L!H 
- L L! 


38 lA!- 
- - - - - H -,H L H H!H 
H,H L L L,H H H L!L 
H,L L L L,L L L L!H 
- L L! 
39 !A!- 
- - - 
- - 
H -,H L H H!H 
H,H L L H,H L H 
L!L 
H,L L L L,L L L L!H - 
L L! 


40 !A!- 
- - - - - 
H -,H L H 
H!H 
H,H L H L,L H H L!L 
H,L L L L,L L L L!H - L L! 
41! A!- 
- - - - - H -,H L H 
H!H 
H,H L H H,L L H H!L 
H,L L L L,L L L L!H - L L! 


42!A!- - - - - - H -,H L H H!H 
H,H H L L,L L L L!L 
H,L L L L,L L L 
L1H - L L! 


43!A!~ - - - - - 
H -,H L H 
H!H 
H,H H L L,H H L L!L 
H,L L L L,L L L L!H 
- L L! 
44 !A!- 
- - - - - H -,H L H 
H!H 
H,H H L H,H L L H!L 
H,L L L L,L L L L!H - 
L L! 
45 !A!- 
- - - - - H -,H L H 
H!H 
H,H H H L,L H L H!L 
H,L L L L,L L L L!H 
- L L! 


46!-!- 
- - - - - - - - - - -,- - - - - - - - 
- 
-!- 
- - - - - - - - -,- 
- - -, 


47!-!- 
- - - 
- - - - - - - -,- 
- - - - - - - - -,- - - - 
- - - - - -,- - - - , 


N 
N N 
N N 
N S 
N S A I I 
N 
N 
N 
N 
N 
N 
N 
N A S F F 
/ 
/ / / / 
/ 
I / I I A A 
/ / / 
/ 
/ / 
/ / 
L I A A 
C 
C 
C 
C 
C 
C 
G 
C 
G 
N 1 0 
c c c c 
c c c 
C A 
G 
1 0 
I 
0 
R 
0 


N 
L 
M L 
Y 
Y 
I 
0 
N 
U 


Table 6-3.2 Transmil1er Fault Detector Program Table (end) 
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Scope Trace Sweep Circuit - 
PLS153 and PLS155 
Jerry Liebler submitted this spectrum analyzer 
sweep circuit design. 


@DEVICE 
TYPE 


PLS153 
@DRAWING 
1 
@REVISION 
1 
@DATE 
1-27-88 
@SYMBOL 
@COMPANY 
Tektronix 
Inc. 
@NAME 
sweep 
logic 
@DESCRIPTION 
This 
chip 
forms 
the 
sweep 
logic 
circuit 
for 
the 
2710 


spectrum 
analyzer. 
@PINLIST 
"<---------FUNCTION---------> 
"PINLABEL 
PIN 
I 
PIN FCT 
EOSWP- 
1 
-I 


TRIG IN 
2 
I 


SLOPE 
3 
I 


AUTOTRIG- 
4 
I 


SSTRIG 
5 
I 


SINGLSWP 
6 
I 


MANSWP- 
7 
I 


SGDIS 
8 
I 


HOLDOFF 
9 
B 


GND 
10 
OV 
RSFFI2 
11 
0 
RSFFIl 
12 
0 


SGDFFI 
13 
0 


SSFDDO 
14 
0 


SSDFFI 
15 
0 


STIN 
16 
I 
STOUT 
17 
0 


SWPGATE- 
18 
B 


SWPGATEO 
19 
0 


VCC 
20 
+5V 


<--REFERENCE-->" 
PIN_ID 
OE_CTRL" 
10 
II 
12 
13 
14 
IS 
16 
17 
BO 
GND 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
vcr:: 
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@COMMON 
PRODUCT 
TERM 


SWPTRIG:/(EOSWP- 
)+/((STOUT*/STIN)+/AUTOTRIG-)+/SSDFFO+/RSFFI2; 


@I/O DIRECTION 
DO=RSFFI2; 
D8=/SWPGATE*/SGDIS; 
@LOGIC EQUATION 
RSFFI2=(EOSWP- 
)*/RSFFI1; 


RSFFI1=/HOLDOFF*/RSFFI2; 
SWPGATE 
= SGDFFI*/SWPTRIG 
+ /MANSWP- 
+ SWPGATE*(EOSWP- 
)*SWPTRIG; 


SWPGATE- 
=0; 


SGDFFI= 
SWPTRIG+/MANSWP-+(/SWPTRIG*(EOSWP- 
)*SGDFFI); 


HOLDOFF 
= 0; 


STOUT=(TRIGIN*/SLOPE)+(/TRIGIN*SLOPE); 
SSDFFO= 
SSDFFI*SSTRIG+/SINGLSWP+(EOSWP- 
)*/SSTRIG*SSDFFO; 


SSDFFI= 
/SSTRIG+/SINGLSWP+(EOSWP- 
)*SSTRIG*SSDFFI; 


@DEVICE 
TYPE 
PLS155 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 
"<---------FUNCTION---------> 
"PINLABEL 
PIN 
I 
PIN FCT 
HCLOCK 
1 
-CK 


VSYNC 
2 
I 


ENDVSWP 
3 
I 
VIDMON 
4 
I 
TC- 
5 
I 
VIDMON- 
6 
0 


PE- 
7 
0 


VMTST 
8 
I 
FMVID- 
9 
I 
GND 
10 
ov 


N/C 
11 
fOE 


SWPGATE 
12 
B 
BLANK 
13 
0 
QBAR 
14 
/0 
STO 
15 
/0 


ST1 
16 
/0 


TRIGGER 
17 
/0 
HSOUT 
18 
0 
HSIN 
19 
I 


VCC 
20 
+5V 


<--REFERENCE-->" 


PIN_ID 
OE_CTRL" 


CK 
10 
I1 
12 
13 
BO 
DO 
B1 
D1 
B2 
D2 
B3 
D3 


GND 
fOE 
B4 
D4 
B5 
D5 


FO 
EA 
F1 
EA 
F2 
EB 
F3 
EB 
B6 
D6 
B7 
D7 


VCC 
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@COMMON 
PRODUCT 
TERM 
@COMPLEMENT 
ARRAY 
@I/O DIRECTION 
d4=blank; 
@FLIP FLOP 
CONTROL 


@OUTPUT 
ENABLE 
@REGISTER 
LOAD 
@ASYNCHRONOUS 
PRESET/RESET 
@FLIP FLOP MODE 
mO=l: 
@LOGIC 
EQUATION 
blank=(j 
(/qbar) +hsout) *vidmon+vmtst*/fmvid-; 
swpgate=O; 
hsout=hsin' 
vidmon-=/vidmon; 
/qbar 
: j=vsync*vidmon; 


k=endvswp+/vidmon; 


/trigger: 
d=/(tc-); 
pe-=/{stO*/stl*vsync); 


@DEVICE 
SELECTION 
swp3/pls155 
@STATE 
VECTORS 
[stl,stO] 
odd 
=OOb; 
stbl 
~Olb; 
stb2 
=lOb; 
even 
-lIb; 
@INPUT 
VECTORS 
[VSYNC] 
vi 
-lb; 
notvi 
=Ob; 
@OUTPUT 
VECTORS 
@TRANSITIONS 
while 
[odd} 
if 
[vi] then 
[stbl} 
if 
[notvi} then 
[odd] 


while 
[stbl] 
if 
[vi} then 
[stb2) 
if 
[notvi] then 
[odd} 


while 
[stb2) 
if 
[vi] then 
[stbl] 
if 
[notvi] then 
[even] 


while 
[even] 
if 
[vi] then 
[stbl] 
if 
[notvi] 
then 
[even] 


Signefics 


GENERAL 
APPLICATIONS 


Motor Stepper 
Controller 
with the 


PLS155 
Jim Greene designed andconstructed the 
Stepper 
Motor Controller. 
This circuit 


allows control of bidirectional 
stepper 


motors for both single wave drive (only 
one phase on at a given time), and 
2-phase drive (2 phases on at a time). 


1. The clock (eLK) input can be driven by 


a continuous pulse train for steady rate 


lPHASE 
A 


lPHASE 
B 


lPHASE 
C 


lPHASE 
D 


2PHASE 
A 


2PHASE 
B 


2PHASE 
C 


2PHASE 
D 
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movement ora clock that ramps upand 
down to provide for acceleration and 
deceleration. (Dependent on applica- 
tion.) 


2. With the addition of control to another 
flip-flop, the PLS155 could provide 
half-step capability for finer resolution. 


3. The preset and reset terms on the flip- 


flops could be usedwith a product term 
to provide an inhibit function if neces- 
sary. 


4. The PLS155 will probably not have 


enough current drive for most stepper 
motor applications, therefore, a power 
buffer like the one shown (Figure 7-5) 
could be used. The components and 
values can be changed to fit your appli- 
cation. 


Figure 7-2 shows the PLS155 pinlist, 
Figure 7-4 the logic diagram. Figure 7-3 
corresponding design file, and Table 7-1 
the final program table. 


SIGNAL 
NAME 


lPHA 


lPHB 


lPHC 


lPHD 


2PHA 


2PHB 


2PHC 


2PHD 
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@OEVICE 
TYPE 
PLS155 
@ORAWING 
@REVISION 
@OATE 
@SYMBOL 
@COMPANY 
@NAME 
@OESCRIPTION 
@PINLIST 


~PINLABEL 
CLK 
OIR 
N/C 
N/C 
N/C 
2PHA 
2PHB 
2PHC 
2PHO 
GNO 
N/C 
IPHA 
IPHB 
lQ 
2Q 
N/C 
N/C 
IPHC 
IPHO 
VCC 


PIN 
PIN_FCT 
1 
CK 
2 
I 
3 
I 
4 
I 
5 
I 
6 
0 
7 
0 
8 
0 
9 
0 
10 
OV 
11 
/OE 
12 
0 


13 
0 


14 
/0 
15 
/0 
16 
/B 
17 
/B 
18 
0 
19 
0 
20 
+5V 


<--REFERENCE-->N 
PIN 10 
OE CTRL" 
- 
- 
CK 
10 
Il 
12 
13 


BO 
00 
B1 
01 
B2 
02 
B3 
03 
GNO 
/OE 
B4 
04 
B5 
05 
FO 
EA 
Fl 
EA 
F2 
EB 
F3 
EB 
B6 
06 
B7 
07 
VCC 


@COMMON 
PRODUCT 
TERM 
@COMPLEMENT 
ARRAY 


@I/O DIRECTION 
dO-I; dl~l; d2~1; d3~1; d4~1; d5~1; d6~1; 
d7~1; 
@FLIP FLOP 
CONTROL 


@OUTPUT 
ENABLE 


ea=O; 


@REGISTER 
LOAD 


la :0; 


@ASYNCHRONOUS 
PRESET/RESET 


ra~ll; 
@FLIP FLOP MODE 
m1 ~ 
1; 
mO ~ 
1; 


@LOGIC 
EQUATION 


1phd 
1q*2q; 


1phc 
2q*/lq; 


1phb 
/2q*Ilq; 


1pha 
/2q*/1q; 


2phd 
11q*2q)*(2q+1q)+(/lq+/2q)*(/2q*/lq) 
2phc 
12q*/lq)*(/lq+/2q)+(/2q+1q)*llq*2q) 
2phb 
1/2q*lq)*(/2q+1q)+(2q+/lq)*(2q*/lq) 


2pha 
(/2q*/lq)*12q+/1q)+(2q+1q)*(/2q*lq) 
/2q:j 
/dir*/lq+1q*dir; 
k 
/dir*/lq+lq*dir; 


/lq:j 
1; 


k 
1; 


U3E 
10 
DIR 
U4B 


7 7473 


J 
0 
9 


5 
12 
0 
20 
10 
8 


13 


2 
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File 
Name 
: STEP 
Date 
: 
911411988 
Rev/I. 
D. 


PLS155 


!-------!-------!-----------------------! 


T 
! 
!A:A:.:.!O 
!H:H:H:H:H:H:H:H! 


E 
!------------------------------------------------------------------ 


R 
! 
! 
B(I) 
! 
Q(p) 
! 
Q(o) 
! 
P 
! 
R 
! 
B(O) 
M 
!C!---------------------------------------!B!A!B!A!---------------! 


---! 
! 3 
2 
a! 7 
6 
4 
3 
a! 3 
1 
a! 3 
2 
a!.. 
!. 
.! 7 
4 
3 
2 
1 
a! 
O!A!- 
- 
- -!- 
-,- 
- - -!- 
- 
L 
L!O 
0 
- 
-! 
.!A 
.,A 
A 
I 
l!A!----I- 
-,----I--LH!OO--! 
.!.A 
AA 
2!A!- 
-!- 
-,- 
- - 
_1- 
- 
H 
L!O 
0 
- 
-, 
I 
A 
A 
A! 
3 !A! - 
- 
- -! - - - -, - - - -! - - H H! 0 0 
- 
-!. 
. ! . 
A, A 
A! 
4!A!- 
- 
- 
-!- 
- - -,- 
- 
- -!- 
- - 
H!O 
0 
0 -!. 
.!. 


5!A!- 
_1- 
-,- 
- 
- 
-!- 
- - 
L!O 
0 
0 
_I 
1 


6!A!- 
-1----,----1----!00-0!. 
I 


7!A!O 
0 
0 
010 
0 
0 
0,0 a 
0 
OlD 
0 
0 
0!0 
0 
0 
O!A 
A 
A 
A!A 
A 
A 
A,A 
A 
A 
A! 


********************************************************************** 


31!0!0 
0 0 
O!O 
0,0 
0 0 
O!O 
0,0 
0 0 O!O 
0 0 o!A 
A A A!A 
A A A,A 
A A A! 
Fc!O!O 
0 0 
0!0 
0,0 
0 0 
0!0 
0,0 
0 0 O! 
Lb!. 
!O 0 0 
O!O 
0,0 
0 0 
O!O 
0,0 
0 0 O! 
La!. 
!o 0 0 O!O 
0,0 
0 0 
O!O 
0,0 
0 0 O! 
07!-!- 
- - -,- - - 
- !o 0,0 
0 0 O! 
06! . !- - - 
-!- - - - - -,- 
- - 
-! 
05!-!- 
- - 
-!- - - - - -,- - - - - -, 


04! . !- - - -,- 
- - - - -,- 
- - 
-! 


03!-!- 
- - 
-!- - - - - -,- - - - - - , 


02!-!- 
- - -,- 
- - 
-,- 
- - 
-, 


Dl!-!- 
- - -,- - - - - -,- 
- - - - 
-, 


DO! . !- - - 
-!- - - - - -,- 
- - - - -, 


N 
N 
N 
D 
1 1 1 1 2 
2 
2 
2 
N 
N 
2 
1 
N 
N 
2 
1 
1 1 1 1 
2 
2 
2 
2 
/ / / 
I 
P 
P 
P 
P 
P 
P 
P 
P / / 
Q 
Q / / 
Q 
Q 
P 
P 
P 
P 
P 
P 
P 
P 
C 
C 
C 
R 
H 
H 
H 
H 
H 
H 
H 
H 
C 
C 
C 
C 
H 
H 
H 
H 
H 
H 
H 
H 


D 
C 
B A 
D 
C 
B A 
D 
C 
B A 
D 
C B A 


Table 7·1. STEPPER CONTROL Program Table 


NOTES: 


010 D2 ARE 1N400, 


0, 
IS A 2N2222 
a" IS A 2N3055 


0315 
A BY'27 


Signetics 


SECURITY 
SYSTEMS 
- 
Nell Kellet 
Security 
systems 
are 
typ~ied 
by some 
sensing 
circuit 
(perceiving 
intrusion, 
fire. 
etc.) 
and 
some 
basic 
activation 
circuit. 


Simple 
logic or complex 
sequences 
may 
be used with the sensors 
or the alarm gen- 
eration 
circuits. 
Two of the following 
solu- 


tions utilize the innate capability 
of CMOS 
EPLDs to work well with RC timing circuits 
in generating 
time 
delays 
and relaxation 
oscillators. 


CON-{ 
TROL 
INPUTS 
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A Programmable 
Alarm System- 
PlS168 
This design illustrates 
an expansion 
of the 
design 
using 
additional 
PLS153 
devices 
which 
were 
deleted 
in this 
version 
for 


brevity. 


A basic 
alarm 
controller 
can be consid- 


ered 
as a black 
box with several 
inputs 
and several outputs 
(Figure 8-1). Some in- 
puts are used for detection 
and others for 


} 


STATUS 
INDICATOR 


CLOCK 


ARM 


RESET 


RRE 
SOUNDER 


PREATAK 
ALARM 
BEACON 


nMEDl 
CONTROLLER 
TIMED 2 


ALARM 
1 
----., 


ALARM 
2 
---.: 


ALARM 
3 


ALARM 
3 


control. 
Detect inputs are driven from a va- 
riety of alarm 
transducers 
such 
as reed 


switches, 
smoke 
detectors, 
pressure 


mats, etc. An ARMinput 
switches 
the sys- 


tem into a state which 
allows detection 
of 
the various 
alarm 
conditions 
and aRE- 


SETinput 
is used to reset the system after 


an alarm has been triggered 
and deait with 


or on re-entering 
the protected 
area. Out- 


puts from the system 
include a sounder. 
a 


beacon 
and status 
indicators. 
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~a~~~resetl 
~nder 


TOST_NULL 


Detect inputs can be divided into timed, un- 
timed, fire and personal attack inputs. Timed 
circuits allow entry/exit delay circuits for front 
and rear doors, to delay operation of the alarm 
for approximately 16 seconds. Untimed circuits 
cause the alarm to operate immediately when 
an alarm condition occurs. These would be 
used to protect unusual means of entry, such as 
windows. Both the timed and untimed circuits 
should operate only if the system is armed. 


The personal attack circuit is a special case un- 
timed circuit and should operate only when the 
system is disarmed. The fire-detect 
circuit is 
again a special case untimed circuit and should 
operate regardless of whether the system is 
armed or not. 


Outputs from the controller drive an external 
sounder and beacon. After 128 seconds, the 
sounder should turn off if the alarm has been 
triggered by either a timed or general untimed 
circuit. However, when a fire or personal attack 
triggers the system, the sounder should not 
turn off until the system is reset and the alarm 
condition removed. 


State Machine 
Implementation 


This design is best implemented as a state ma- 
chine. The state diagram is derived from the 
verbal system description. 
Please note from 


August 1989 


timed 1·lIre 


timed 2,lIre 


Figure 8-2 the controller can be in one of six 
possible states. Examine the transitions from 
ST_NULL as an example. If a personal attack 
or fire condition occurs while inthis state, a tran- 
sition to ST_1takes 
place as indicated by the 
arrows on the diagram. Also at this time the 
sounder and beacon are activated, thus giving 
the alarm. If the fire and personal attack condi- 
tions have not occurred and the ARMSWITCH 
is set, then a transition to ST_ 0 takes place. 


Similarly, other arrows on the state diagram 
represent 
transitions 
between 
other 
states 


when specified input conditions occur. Output 
parameters are shown to the right of the slash 
line. Where there are no output parameters 
specified in a transition term, this indicates that 
no output changes are desired during this tran- 
sition. Thatis, an output will hold its present val- 
ue until told to change. 


PLO Implementation 
Having defined the desired system operation it 
is now time to select the required device to im- 
plement the desired system function from the 
PLD Data Manual. In this case, the device se- 
lected is the PLS168. Figure 8-3 shows the pin- 
ning information for the alarm controller. 
A 


1D-bit counter within the controller produces 
the entry/exit and sounder turn-<lff delays since 
this makes more efficient use of the PLD facili- 


arm.rese~ 


sounderI 


TOST_NULL 


ties than implementing the delays as part of the 
state machine. This counter uses seven inter- 
nal registers with feedback and three without. 
For those registers without feedback, external 
wiring feeds their outputs back into the device 
to complete the 2O-bit counter. Pins five to ten 
are used for this purpose. OutputT7 also forms 
part of the counter. 


Three other registers form the state registers 
and are labeled SRO,SR1 and BEACON. State 
vectors for these registers have to be chosen 
with care to ensure thallhe beacon output is ac- 
tivated at the correct time. Other inputs and out- 
puts are as already discussed. Note that the 
PRiOE pin is not used. This pin must be tied to 
ground in the final circuit. 


Once the pin information has been entered, any 
Boolean equations desired can be defined us- 
ing the Boolean equation entry (.BEE) file of 
AMAZE. Ust1 shows the .BEE file for the alarm 
controller. Any internal registers used in either 
the Boolean equation or state equation entry 
file are given names in this file, in this case 1 to 
16. Equations for the 1D-bit counter are en- 
tered after the title line @LOGIC EOUATlON, 
using registers tl to t1Din. Register SRO halts 
and clears the counter while the controller is in 
certain states. This needs to be considered 
when defining the state vectors. 


@INTERNAL 
SR FLIP FLOP 
LABELS 


t6 
tS 
t4 
t3 
t2 
tl 


@LOGIC EQUATION 
tl: 
s 
Itl*/srO 
r 
tl*/srO 
srD 
; 


U*/t2*/srO 
tl* 
t2*/srO 
+ 
srD 
U* 
U* 
+ 
srD 
t4 
5 
= 
tl* 
t2* 
t3*/t4*/srO 
r = 
tl* 
t2* 
t3* 
t4*/srO 


srO 
tS 
5 
= 
tl* 
t2* 
t3* 
t4*/t5*/srO 


r 
= 
tl* 
t2* 
t3* 
t4* 
t5*/srO 


+ 
srD 
tl* 
t2* 
t3* 
t4* 
t5*/t6*/srO 
tl* 
t2* 
t3* 
t4* 
tS* 
t6*/srO 
+ 
srD 
t7 
5 
= 
tl* 
t2* 
t3* 
t4* 
t5* 
t6*/t7*/srO 


r 
= 
tl* 
t2* 
t3* 
t4* 
t5* 
t6* 
t7*/srO 
+ 
srD 
tl* 
t2* 
t3* 


tl* 
t2* 
t3* 
+ 
srD 
tl* 
t2* 
t3* 


tl * 
t2* 
t3* 


srO 
tl* 
t2* 
t3* 
tl* 
t2* 
t3* 
srO 


State Equation 
Entry 


The state equation entry (.SEE) file of AMAZE 
uses a state-transition 
language, parameters 
of which are taken directly from the state dia- 
gram. Information is entered into this file in a 
free format. The only points to remember are 
that 
the 
square 
brackets 
should 
be used 


throughout to define the state registers and 
transitions, semicolons should be used to mark 
the end of vector definition and apostrophes 
should be used to indicate a registered output. 
State vectors can be defined in the state equa- 
tion entry file as shown in List 2. State vectors 
are simply a means of labeling an arrangement 
of state registers which can be used later to de- 
fine state transitions. Because we are using the 
BEACON 
output register as a state register 


also and SROis being used to halt and clear the 


1O--bitcounter, particular care must be taken in 
defining the state vectors in this instance. 


From the state diagram, the counter must begin 
counting during states ST_D, ST_2 and ST_3 
and it must be cleared during states ST_l. 
ST 4 and ST NULL. State ST_NULL repre- 
se.:rts the po;er--<Jp state of the PLS 168 in 
which all register outputs are at logic one. Thus 
the inactive state of the counter is defined as 
being when SRO is at logic one, therefore, SRO 
must be at this level during states ST_l and 
ST 4and at logic zero during other states. The 
alarm beacon is considered to be active by an 
active-low signal and must be activated during 
states ST 3 and ST 4. Register SR1 must 
therefore be chosen t~ensure mutual exclusiv- 


ity between state vectors. Input and output~- 
tors can be defined in the same manner In 
terms of input and output label names. In this 
case, however, the label names are used di- 
recUy.State transitions can now be derived di- 
recUyfrom the state diagram. This isdone using 
a Pascal--1ikestate transition language and can 
clearly be seen in Table 8-1. Note that multiple 
IF statements can be implemented as such or 
as CASE statements as shown. Entry/exit and 
sounder turn-off delay times are represented 
as a decoding of the lO--bit counter states. 
Thus to get the desired 16 second entry/exit 
delay. t7 must be decoded and to achieve the 
128 second sounder turn-<lff delay tlOin must 
be decoded. 


t4* tS* t6* t7*/t8*/srO 
t4* tS* t6* 
t7* 
t8*/srD 


t4* tS* t6* t7* t8*/t9*/srO 
t4* tS* t6* t7* 
tB* 
t9*/srO 


t4* tS* t6* t7* t8* t9*/tlO*/srO 
t4* tS* t6* t7* t8* t9* tlO*/srO 


PLS168 


CK 
+SV 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
o 
PR 
o 
0 
o 
0 
o 
0 


OV 
0 


PLS168 
Clock 
Beacon 
13 


Sounder 
11 


Arm 
Reset 
Peratak 


Fire 
23 
T8in 
5 
T9in 
6 
1K 
TlOin 
7 


T10 
8 
T9 
9 


T8 
10 


With the system fully defined, simply assemble 
the design 
information 
'during 
the AMAZE 


assembler to produce the fuse pattern for the 
desired device. Should any design changes 
meed to be made to a device, the fuse pattern 
may be modified directly using the program 
table editor of AMAZE. However, taking this 


action 
is not recommended 
since Boolean 


equation and state equation files are not altered 
correspondingly. 


Functioning of the device can be verified with 
the AMAZE simulator, which can also be used 


to check A.C. timings before downloading the 
pallern to a device programmer, such as Stag 
ZL30A or Data 1/0 29B, to program the device. 
Test vectors are produced either automatically 
or interactively by the simulator. 


Programmable 
Logic Design 


and Application 
Notes 


Programmability 
The PLS168 device could now be used as the 
controller of an alarm system. As it stands, the 
device assumes that all the alarm inputs indi- 
cate an alarm condition when in the high state, 
logic one, and that the alarms are activated 
when the alarm outputs are active low (i.e., at 
logic zero). 


Should an alarm input transducer 
be used 


which indicates an alarm condition as a low 
state, this can be catered for by altering the 
.SEE file. For example, consider a smoke de- 
tector which outputs logic zero on detection of 
an alarm condition and assume that this trans- 
ducer is driving the "fire" input of the device. By 
changing all references to 'fire' in the .SEE file 
to '/fire' and all instances of '/fire' to 'fire' then 
the activation of the alarms will occur when log- 


iczero isappliedtothis 
input and not when logic 
one is applied, as in the original case. Pinlist 
and .BEE files do not need to be altered. 


Polarity of the output signals cannot be altered 
as easily, as the device will always power-up 
with the outputs at logic one. This should not 
prove to be a problem since the outputs simply 
drive output transistors and these can be used 
to produce the correct polarity signal for the 
beacon and sounder. 


System Implementation 
Figure 8-4 shows a typical alarm system based 
on this device. The system clock is produced by 
a relaxation 
oscillator 
built from 
74HC132 
Schmitt Triggers. Values of R, and C, shown 
result in a frequency 
of approximately 
4Hz 
which will provide the desired entry/exit and 


Figure 8-5. Status LEOs Connected 
to the alarm 
controller 
as shown provide 
status Information 


sounder lUr~ff 
delays. These delays can be 


modified either by changing the external oscil- 
lator circuit or by decoding a different internal 
counter state. For example, to increase the en- 
try/exit delay change all references to t7 in the 
.SEE file to 18.Both normally-<:Iosed and nor- 
mally-<lpen loop implementations 
are shown. 


Due to the distances involved in an alarm sys- 
tem, the open-1oop configuration may cause 
problems, being driven by the positive supply. 
to avoid this problem, input-<:letect polarity of 
the open-1oop circuit can be changed by alter- 
ing the .SEE file. 


Status indication can be provided by connect- 
ing LEDs as in Figure 8-5. When the reset but- 
ton is pressed, any LED being lit will indicate an 
alarm condition for that input. This will not reset 
the alarm system unless the arm switch is off. 


Programmable 
Logic Design 


and Application 
Notes 


st 
null 
st-O 
st -1 
st-2 
st-3 
st -4 


lllb; 
OOlb; 
lOlb; 
Ollb; 
OlOb; 
lOOb; 


@TRANSITIONS 
While 
[st_null] 
case 
[arm* 
/fire 
* 
/peratak] 
[peratak] 
[fire] 
encase 


[t7 
* 
/fire 
* 
(arm 
+ 
reset)] 
[larm 
* 
/reset] 
[fire] 
encase 


While 
[st_l] 
case 
[timedl 
* 
/fire] 
[timed2 
* 
/fire] 
[alarml 
* 
/fire] 
[alarm2 
* 
/fire] 
[alarm3 
* 
/fire] 
[/arm 
* 
/reset] 
[fire] 
encase 


[t7 
* 
/fire] 
(alarml 
* 
/fire] 
(alarm2 
* 
/fire] 
[alarm3 
* 
/fire] 
[/arm 
* 
/reset] 
[fire] 
encase 


While 
[st 
3] 
case 
[tlOin 
* 
Ifire 
* 
(arm 
+ 
reset) 
J 
I[/arm 
* 
/reset] 
[fire] 
encase 


[st-0] 
[st-4 
with 
[/ sounder' 
] 
[st 
4 ] 
with 
[/ sounder' 
] 


[st-1] 
[st-null] 
with 
[sounder' 
] 
[st 
4 ] 
with 
[I sounder' 
] 


[st-2] 
[st-2] 
[st-3 ] 
with 
(/sounder' 
] 
[st-3 ] 
with 
[/ sounder' 
] 
[st-3 ] 
with 
[/sounder'] 
[st-null] 
with 
[sounder' 
] 
[st 
4 ] 
with 
[I sounder' 
] 


[st-3J 
with 
(Isounder' 
J 
[st-3J 
with 
(/sounder' 
J 
[st-3J 
with 
{/sounder'] 
[st-3] 
with 
[!sounder'] 
[st-null] 
with 
[sounder' 
] 
[st 
4 ] 
with 
[/sounder' 
] 


[st-4 ] 
with 
[sounder' 
] 
[st-null 
with 
[sounder' 
] 


[st 
4 J 
with 
[/sounder' 
J 


While 
[st 
4] 
case 
if 
[farm 
* 
freset] 
then 
[st_null] 
with 
[sounder'] 


INDEX 
A 
Plastic Leaded Chip Carrier 
785 


F 
Ceramic Dual-in-Line 
788 


FA 
Ceramic Dual-in-Line with Quartz Window 
790 


LA 
Ceramic Leaded Chip Carrier with Quartz Window 
792 


N 
Plastic Dual-in-Line 
793 


PLCC 
1. Package dimensions 
conform to JEDEC 


specifications for standard Plastic Leaded 
Chip Carrier ou~ine (PLCC) package. 


2. Controlling dimensions are given in inches 


with dimensions in millimeters contained in 
parentheses. 


3. 
Dimensions 
and 
tolerancing 
per 
ANSI 


Y14.5M - 1982. 


4. 
"[)-E" and "F~" 
are reference datums on 


the molded body and do not indude mold 
flash or protrusions. Mold flash or protru- 
sions shall not exceed 0.15mm (0.006") on 
any side. 


5. 
Pin numbers star! with pin #1 and continue 
counterclockwise 
when viewed from the 


top. 


6. 
Lead material: Olin 194 (Copper Alloy) or 
equivalent, solder dipped. 


7. 
Body material: Plastic (Epoxy). 


8. 
Thermal resistance values are determined 
by Temperature Sensitive Parameter (TSP) 
method. This method uses the forward volt- 
age drop of a calibrated diode to measure 


the change in junction temperature due to a 
known power application. 
Test conditions 


for these values are: 


Test Ambient-Still 
Air 


Test Fixture- 
9JA- 
Glass epoxy test 


board (2.24" X 


2.24" X 0.062") 


9x:- Water cooled heat 


sink 


TYPICAL 9JA/9JC 
VALUES (oCIW) 


NO. OF LEADS 
PACKAGE CODE 
DESCRIPTION 
Average 9JA 
Average 9JC 


20 
A 
350mil-wide 
70 
30 


28 
A 
450mil-wide 
61 
26 


52 
A 
750mil-wide 
42 
14 


68 
A 
950mil-wide 
42 
14 


.•• 
(1M)T 


~7(O.")(S)B@ID..E®1 


I 
I 


-----. 


.oeo 
P52)- 
~----=r 


.o~ (0'"- 


NOTES; 
1 
Package 
dimenSions 
conform 
to JEOEC 
speCllJcallon 
MO-047-AA 
for 
plastic 
leaded 
chip 
carner 
20 
leads, 


.050 
Inch 
lead 
spacing, 
square. 
(Issue 
A, 
10/31/84). 


2. Controlling 
dimenSIons: 
Inches. 
Metric 
dimenSions 
in 
mm 
are 
shown 
in parentheses. 
DimenSioning 
and 
tolerancing 
per 
ANSI 
Y14.5M-1982. 


Datum plane "H" 
located 
at the lop of mold parting 


line and coincident 
with lop of lead. Where lead 


exists 
plastic 
body. 
5. location 
to datum "A" 
and "B" 
to be determined 
at 
plane "H". These datums 
do not include 
mold flash . 
Mold flash protruSIon shall not exceed 
,006· 
(0.15mm) 
on any Side. 
6 
Datum "D-E" 
and ·'F-G" 
are determined 
where 
these 
center 
leads eXit from the body at plane "H". 


7 
Pm numbers continue 
counterclockwise 
to pin = 20 
(top view). 


B Signehcs order code for product 
packaged 
In a PLCC 
IS the suffiX ·'A" 
after the product 
number. 


9. Applicable 
to packages 
with pedestal 
only. 


III 
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NOTES' 
1, Package 
dimensions 
conform 
to JEDEC 
specification 
MQ·Q47·AB 
lor plastic 
leaded 
chip 
carrier 
28 leads, 


050 
inch 
lead 
spacing, 
square. 
(issue 
A. 10/31/84). 
2. Controlling 
dimensions: 
inches. 
Metric 
dimensions 
in 


mm 
are 
shown 
in parentheses. 
3. Dimensioning 
and tolerancing 
per ANSI 
Y14.5M-1982. 


4. Datum 
plane 
"H" 
located 
at the 
top 
of mold 
parting 


line and coincident 
with 
top 
01 lead. 
Where 
lead 
exits 


plastic 
body. 
5 
location 
to datum "A" 
and "8" 
to be determined at 


plane "H" 
These Datums do nol include 
mold flash. 


Mold 
flash 
protrusion 
shall 
not exceed 
.006~ (0.15 


mm) on any 
side. 


6. Datum 
"D-E" 
and 
"F-G" 
afe 
determined 
where 
these 


cenler 
leads exit from the body at plane "H". 


7. Pin numbers 
continue 
counterclockwise 
10 pin 
#28 


(top view). 
8. Signelics 
order 
code 
for product 
packaged 
in a PLCC 


is the 
suffix 
"A" 
atter 
the 
product 
number. 
9. Applicable 
to packages 
with 
pedestal 
only. 


I 
1+1 1m (0.1') 
@, D--£ ® f-Q ® I 
II 
1.1.016 (0"") 
®[f-Q®I 


NOTES: 
1. Package 
dimensions 
conform 
to JEDEC 
specification 
MO-04 7-AD 
lor plastic 
leaded 
chip 
carrier 
52 leads, 


050 
inch 
lead 
spacing, 
square. 
(issue 
A, 10/31/84). 


2. Controlling 
dimensions: 
inches. 
Metric 
dimensions 
in 
mm 
are shown 
in parentheses 
3. Dimensioning 
and 
tolerancing 
per ANSI 
Y14.5M·1982. 


4. Datum 
plane 
"H" 
located 
at the 
top 
of mold 
parting 


line 
and coincident 
with 
top 
of lead, 
where 
lead 
exits 


plastic 
body. 


5 
Location 
to datum 
"A" 
and 
"B" 
to be determined 
at 
plane 
"H". 
These 
Datums 
do not 
include 
mold 
flash. 
Mold 
flash 
protrusion 
shall 
not exceed 
.006" 
(0.15 


mm) 
on any 
side. 
6 
Datum 
"D-E" 
and 
"F-G" 
are determined 
where 
these 


center 
leads 
exit 
from 
the 
body 
at plane 
"H" 


7. Pin numbers 
continue 
counterclockwise 
to pin # 52 
(lOp view) 
8. Signetics 
order 
code 
for product 
packaged 
in a PLCC 


is the 
suffix 
"A" 
alter 
the 
product 
number 
9. Applicable 
10 packages 
with 
pedestal 
only. 
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NOTES: 
1. Package 
dimensions 
conform 
to JEDEC 
specification 
MO-047-AE 
lor 
plastic 
leaded 
chip 
carrier 
68 
leads, 
.050 
inch 
lead 
spacing, 
square. 
(issue 
A. 
10/31/84). 


2. Controlling 
dimensions: 
inches. 
Metric 
dimensions 
in 


mm 
are 
shown 
in parentheses. 


3. Dimensioning 
and 
lolerancing 
per 
ANSI 
Y14.5M-1982. 


4. Datum plane 
"H" 
located 
at the top of mold parting 


line and coincident 
with top of lead, where 
lead exits 


plastic 
body. 
5. Location 
10 datum" 
A" 
and "8" 
10 be determined 
at 


plane 
"H" 
These 
Datums 
do not include 
mold flash. 


Mold flash protrusion 
shall nol exceed 
.006'" (0.15 


mm) 
on 
any 
side. 


6. Oatum 
"O-E" 
and 
"F-G" 
are 
determined 
where 
these 
center 
leads 
exit 
from 
the 
body 
at plane 
"H". 


7. Pin 
numbers 
continue 
counterclockwise 
to pin 
#68 


(top view). 


8. Signetics 
order 
code 
for 
product 
packaged 
in a PLCC 
is the 
suffix 
"A" 
after 
the 
product 
number . 


9. Applicable 
to packages 
with 
pedestal 
only. 
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HERMETIC 
CERDIP 


1. Package dimensions 
conform to JEDEC 


specificationS for standard Ceramic Dual 
Inline (CERDIP) package. 


2. Controlling dimensions are given in inches 
with dimensions in millimeters, mm, con- 
tained in parentheses. 


3. 
Dimensions 
and 
tolerancing 
per 
ANSI 


Y14.5M - 1982. 


5. 
These dimensions measured with the leads 
constrained to be perpendicular to plane T. 


6. 
Lead material: ASTM alloy F-30 (Alloy 42) 
or equivalent - tin plated or solder dipped. 


7. 
Body material: Ceramic with glass seal at 
leads. 


sure the change in junction temperature 
due to a known power application. Testcon- 
ditions for these values follow: 


4. 
Pin numbers start with pin #1 and continue 
counterclockwise 
when viewed 
from the 


top. 


8. 
Thermal resistance values are determined 
by Temperature Sensitive Parameter (TSP) 
method. This method uses the forward 
voltage drop of a calibrated diode to mea- 


Test Ambient-Still 
Air 


Test Fixture- 
ElJA- lextool ZIF socket 
with 0.04" stand- 


off 


ElJc- Water cooled heat 
sink 


TYPICAL ElJAIElJCVALUES (oCIW) 


NO. OF lEADS 
PACKAGE CODE 
DESCRIPTION 
Average 
ElJA 
Average 
ElJC 


20 
F 
300mil-wide 
72 
8 


24 
F 
300mil-wide 
62 
7 


28 
F 
600mif-wide 
48 
6 


NOTES: 
1. Controlling 
dImenSion 
Inches. 
Millimeters 
are shown 
In 
parentheses 
2 
DimenSIOns and 
tolerancmQ 
per 
ANSI 
Y 14.5M 
- 
1982 
3. 'T', 
"D", 
and "E" 
are reference datums on the body 
and mclude 
allowance 
lor 
glass overrun 
and meOlSCUs on 


the seal hne. and lid to base 
mismatch. 


4 
These 
dimenSions 
measured 
with 
the leads 
constrained 


10 be perpendicular 
10 plane 
T. 
5 
Pin numbers start wIth pm = 1 and continue 
counterclockwise 
to pin ::; 20 when 
viewed 
from 
the top 
6. Denotes 
window 
location 
for EPROM 
products. 


JLa2' 
(58)-1$1 TIE 10®loW (.254) 
.015 
(.38) 


JL023 
1·58) 
_.---itl 
TIE 10 <!:jOW 1.254) 


.015 
(.38) 


[ 


09.12.~ 


.030 (.76) 


I 
~(7.771 


285 (7.24) 
--l 


NOTES: 
1. Contr~ling 
dimension: 
inches. 
Mitlimeters 
are 
shown 
in 


parentheses. 


2. Dimensions 
and 
tolerancing 
pet' ANSI 
Y14.5M 
- 
1982. 


3. "T", 
"0", 
and "E" 
are relerence 
datums 
on the body 


and 
include 
allowance 
for 
glass 
overrun 
and 
meniscus 
on 


the 
seal 
line. 
and 
lid 
10 base 
mismatch. 


4. These 
dimenSIOnS 
measured 
with 
the 
leads 
constrained 
to be perpendicular 
to plane 
T. 


5 
Pin numbers 
start 
with pin 
:If 1 and 
conltnu8 


counterclockwise 
10 pin 
# 24 
when 
viewed 
from 
the 
lop. 


6. Denotes 
window 
location 
for 
EPROM 
Pl'oducts. 


035 (.eO) 
j! 


.020:J5li 
I 
BSC 
I 
.300 (7.62) 
-j 
(NOTE 
4) 


.Q15 (.38) 
:<;'0 1251 
~ 
.395 1'0.03) 
.300 
(7.62) 


lr·... 
(2.4O) 
i 
·•••1•.•'.) 
n 


.5M (15.1t) 
~~- 
L.100(2.S4)BSC 
1.486(37.72) 


1.440(38.58) 


J 


NOTES: 
1. Controlling 
dimension: 
inches. 
Mimmeters .,8 shown 
in 


parentheses. 


2. Dimensions 
and 
tOOtr"ancing pef 
ANSI 
Y14.SM 
- 
1982. 


3. "T", 
"0", 
and "E" 
are reference 
datums on the body 


and 
indude 
allowance 
tOt' glass 
overrun 
and 
meniscus 
on 


the 
seal 
line, 
and 
Itd to 
base 
mismatch. 


4. These 
dimensions 
measured 
with 
the 
leads 
constrained 


to be 
perpendicular 
to ptane 
T . 


S. Pin numbers 
start 
witI'! pin # 1 and 
continue 
counterclockwise 
to 
pin 
#28 
when 
viewed 
from 
the 
top. 


6. Denotes 
window 
location 
for 
EPROM 
products. 


~J 


.510 (1"'" 
(NOTE ') 
.. 


HERMETIC 
CERDIP 
WITH QUARTZ 
WINDOW 


1. Package dimensions 
conform to JEDEC 
5. These dimensions measured with the leads 


specificationS for standard Ceramic Dual 
constrained to be perpendicular to plane T. 


Inline (CERDIP) package. 
6. 
Lead material: ASTM alloy F-30 (Alloy 42) 
or equivalent- 
tin plated or solder dipped. 


sure the change in junction temperature 
due to a known power application. Testcon- 
dition for these values follow: 


2. Controlling dimensions are given in inches 


with dimensions in millimeters, mm, con- 
tained in parentheses. 


3. 
Dimensions 
and 
toJerancing 
per 
ANSI 


Y14.5M-1982. 


Test Ambient-$tiIJ 
Air 


Test Fixtur&- 
llJA- Textcol ZIF socket 


with 0.04· stand- 


off 
llx- Water cooled heat 


sink 
4. 
Pin numbers start with pin #1 and continue 
counterclockwise 
when viewed 
from the 
top. 


8. Thermal resistance values are determined 
by Temperature Sensitive Parameter (TSP) 
method. 
This method 
uses the forward 
voltage drop of a calibrated diode to mea- 


TYPICAL llJA/llJC VALUES (oCIW) 


NO. OF LEADS 
PACKAGE CODE 
DESCRIPTION 
Average llJA 
Average llJC 


20 
FA 
300mil-wide 
67 
8 


24 
FA 
300mil-wide 
52 
7 


28 
FA 
600mil-wide 
45 
6 


I--.078 
(1.98) 
I 
.0'2 
(.30) 


NOTES: 
1. Controlling 
dimension: 
inches. 
Millimeters 
are 
shown 
in 
parentheses. 


2. Dimensions 
and tolerancing 
per ANSI 
Y14.5M 
- 
1982. 


3. "T". 
"0", 
and "E" 
are reference datums on the body 
and include 
allowance 
lor glass 
overrun 
and 
meniscus 
on 
the 
seal line, and 
lid to base 
mismatch. 


4. These 
dimensions 
measured 
with 
the 
leads 
constrained 
to be perpendicular 
to plane 
T. 


5. Pin numbers 
start with 
pin # 1 and continue 
counterclockwise 
to pin 
#20 
when 
viewed 
from 
the 
top. 


JL.023 
(.58)-I$ITlelo®!.olO 
(.254) 


.0'5 (.38) 


r-~~!l 
I 
.030 (.76) 
1[:~:.; 
I.306 (7.77) 
.265 (7.24) 


~ 


NOTES, 
1. Controlling 
dimension: 
inches. 
Millimeters 
are 
shown 
in 


parentheses. 


2. Dimensions 
and 
tolerancing 
per 
ANSI 
Y14.5M 
- 
1982. 


3. 'T', 
"0", 
and "E" 
are reference datums on the body 


and 
include 
allowance 
for 
glass 
overrun 
and 
meniscus 
on 


the 
seal 
line. 
and 
lid to base 
mtsmatch. 


4. These 
dimensions 
measured 
with 
the 
leads 
constrained 


to be 
perpendicular 
to plane 
T . 


5. Pin numbers 
start 
with 
pin # 1 and 
continue 
counterclockwise 
to pin #20 
when 
viewed 
from the 
top. 


J L023 
(.56)-1+1 TIE 10 @.010 (.254) 


.015 (.38) 


!: 
~8) 
',I: 


.020:J.511 
BSC 
I 
.300 (7.62) 
-j 
(NOTE 
4) 


~15 (.38) 
.395(10.03) 


.010 (.25) 
ti .300 (7.62) 


NOTES, 
1. Controlling 
dimension: 
inches. 
Millimeters 
are 
shown 
in 


parentheses. 


2. Dimensions 
and 
toktrancing 
per 
ANSI 
Y14.5M 
- 
1982. 


3. 'T', 
"0", 
and "E" 
are reference datums on the body 


and 
include 
allowance 
for 
glass 
OV8fT\ln 
and 
meniscus 
on 
the seal line, and lid to base 
mismatch. 


4. These 
dimensions 
measured 
with 
the 
leads 
constrained 


to be perpendicul8I to plane T. 


5. Pin numbers 
start 
with pin # 1 and continue 


counterclockwise 
to pin #24 
when 
viewed 
from 
the top . 


.620 (15.75)=1 
.590 (14.99) 


(NOTE 
4) 


, ' 


.600(15.24)SSC 


(NOTE 
4) 


.695 
(17 .65) 


.600 
(15.2-4) 


TYPICAL ElJA/ElJC 
VALUES (oCIW) 


NO. OF LEADS 
PACKAGE CODE 
DESCRIPTION 
Average 
ElJA 
Average 
ElJC 


68 
LA 
965mil-wide 
55 
25 


- 
:: 
:~~~ 
x 45· 


~Jll!IlJllIJlIgiIlllJll!mrm'Z~="=r 
(3 
CORNERS) 


.810(20.57) 
NOTES: 
r- 
110 (20.01) 
I 
1 
Controlling 
dimensions 
Inches 
Millimeters 
are 
shown 
In 
I 
parenthesIS 


.050 (127) TYP I I 
DimenSion 
and 
toleracmg 
per 
ANSI 
Y14.5M·1982 


BSC 
I 
When 
a window 
lid 
IS used 
the 
overall 
package 


I 


thIckness 
must Increase 
by a minimum 
of .010 inch 


~ 


•• 
(025mm) 
and 
a maximum 
of 
040 
inch 
(1.020mm) 
. 


" 
.025(0."). 


., 
1 
•• 


~ 
; 
"" 
~ 
. 
~ 


"LLJ------t- 
~. 


". 
j 
.' 
. 


11 
.0&5(2.16) 


---, 
,- 
.06$ (US) 


IUItO(1S.&51~ 
'I~ : :::;; 
SQ. 
I 
i 
.t3S(23.7S1J 


25(0.64) 
45.X 
_ 
" 


.15(0.31) 
Ij.. 
't. 
"-1 
~ 
" 
-,-;;; 


.DI6(2.1.) 
.012(.30) 


I 
r Ji7i(1jij 
"iii:ii"UifT 


.&. 
.UOt"S1j 
~ 


.'IIOI"DlI~r---, I 
IL••,'M) 
I 


~ 
I1Ml 
~ 
]1_:: ::: 
I 


.03010.71) 
I 
.014(.36) 


j 
.i5O(24.13) 


I"" 
-.1'0(23.1"--' 


PLASTIC 
DIP 


1. Package dimensions 
conform to JEDEC 


specification 
MS-001-AA 
for 
standard 


Plastic Dual Inline (DIP) package. 


2. 
Controlling dimensions are given in inches 
with dimensions in millimeters, mm, con- 
tained in parentheses. 


3. 
Dimensions 
and 
tolerancing 
per 
ANSI 


Y14.5M -1982. 


5. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 


6. 
Pin numbers start with pin'1 
and continue 
counterclockwise 
when viewed from the 
top. 


7. 
Lead material: Olin 194 (Copper Alloy) or 
equivalent, solder dipped. 


8. 
Body material: Plastic (Epoxy). 


9. 
Thermal resistance values are determined 
by Temperature Sensitive Parameter (TSP) 
method. This method uses the forward 


4. "r, "D"and "E"are reference datums on the 


molded body and do not include mold flash 
or protrusions. 
Mold flash or protrusions 


shall not exceed 0.01 inch (0.25mm) on any 
side. 


voltage drop of a calibrated diode to mea- 
sure the change in junction temperature 
due to a known power application. Testcon- 
ditions for these values are: 


Test Ambient--$tiII 
Air 


Test Fixture- 
SJA- Textcol ZIF socket 


with 0.04" stand-- 


off 


S~ 
Water cooled heat 
sink 


TYPICAL SJA/SJC VALUES (oCIW) 


NO. OF LEADS 
PACKAGE CODE 
DESCRIPTION 
Average 
SJA 
Average 
SJC 


20 
N 
Cu. Lead Frame 
63 
27 


300mil-wide 


24 
N 
Cu. Lead Frame 
56 
26 


300mil-wide 


28 
N 
Cu. Lead Frame 
46 
18 
GOOmil-wide 


28 
N3 
Cu. Lead Frame 
53 
24 


300mil-wide 


E 


~ 


.255 (648) 


.245 (6.22) 
:J.~ 


.100 (2.54) sse 


1.057 
(26.85) 


1.045 (26.54) 


.064 (1.63) 


.045 (1.14) 


NOTES: 
,. 
Controlling 
dimension: 
Inches. 
Metric 
are shown 
in 
parentheses. 


2. Package 
dimensions 
conform 
to JEDEC 
specification 


MS-001-AE 
for 
standard 
dual 
in-line 
(DIP) package 
.300 


inch row spacing 
(PLASTIC) 
20 leads (issue B. 7/85) 


3 
Dimensions 
and 
toletancing 
per 
ANSI 
Y14. 
SM·1982. 


4. "T", 
"0" 
and "E" 
are reference 
datums on the molded 
body and do not include 
mold flash or protrusions. 
Mold 
!lash or protrusions 
shall not exceed 
.010 inch (.25mm) 
on any side. 


5. These 
dimensions 
measured 
with the leads constrained 


10 be perpendicular 
10 plane T. 
6. Pin numbers 
start wilh 
pin # 1 and continue 
counterclockwise 
to pin :F;20 when viewed from the top . 


.322 (8.18) 


.300 (7.62) 
(NOTE 
5) 


rn-- 


~ PLANE 


ssc 


.300 
l7.62) 
(NOTE 
5) 


.395 
(10.03) 


.300 
( 7.62) 


~ 


.045(1.14) 


: 
s=r'~j"701 


_ T -l--------- 
.160 (4.06) 


SEAnNG 
PlANE 
JL 


.'-38j3.51) 
.120(3.05) 


.022L561tel:T[E l 0 ~l.O~ 
~ 
.017(.43) 


~ 


U-.,OO(2.54'BSC ::J 
1.4eo (37.08) 


1,415 
(35.14) 
~ 
.046(1.1") 
.155(3.14) 


.146(3.881 


NOTES 1 


1. 
Controlling 
dimension: 
inches 
Meine 
are shown 
In 


parenthesis. 


2 
Package 
dimensions 
conform 
10 JEDEC 
specification 


MS-001-AF 
lor standard 
dual in-line 
(DIP) package 
.300 Inch 


row spacing 
(plashc) 
24 leads (issue 
S, 7/85) 


3 
DimenSion 
and tolerancing 
per ANSI 
Y14, SM·1982 


4. 
. T. 
D": AND 
E"' are reference 
datums 
on the molded 
body 


and do not Include mold flash or protruSIOns 
Mold flash or 


protruSIons 
shall not exceed 
010 Inch (.25mm) 
on any side 
5 
These 
dimenSIOns measured 
with the leads constrained 
to be 


perpendICular 
to plane T 
6. 
Pin numbers start with pm "and 
continue counlerckxkwlse 


10 pln II 24 when VIeWed from the top 


C 


· 


322 
(8'''lb 
.300 (7.62) 


(NOTE 
5) 


-.L-A- 
~:'i 
~~0.155(3.94) 
0~t7~': 
u~ 
8:jj" 
.145(3.68) 


.300 (7.62) 


NOTE 
5 


.015(.38) 
.395(10.03) 


.010 (.25) 
.300 ( 7.62) 


NOTES: 
1. Controlling 
dimenston: 
inches. 
Metric 
are 
shown 
in 


parentheses. 


2. Package 
dimensions 
conform 
to JEDEC 
specification 


MS-011-AB 
for standard 
dual 
in-line 
(DIP) package 
.600 


inch 
row 
spacing 
(PLASTIC) 
28 leads 
(issue 
B. 7/85) 


3. Dimensions 
and 
tolerancing 
per ANSI 
Y14. 
5M·1982. 


4. "T". 
"0" 
and 
"E" 
are reference 
datums 
on the 
molded 


body 
and 
do not 
include 
mold 
flash 
or protrusions. 
Mold 


flash 
or protrusions 
shall 
not 
exceed 
.010 
inch 
(.25mm) 


on any side. 
5. These 
dimensions 
measured 
with 
the 
leads 
constrained 


to be perpendtcular 
to plane 
T. 


6. Pin numbers 
start 
with 
pin # 1 and continue 
counterclockwise 
to pin #28 
when 
viewed 
from 
the 
top. 


.620 (15.75) 


.800 (152"d 
(NOTE 
5) 


~-_: 


'''5(''~'' 
ff 
~ 


..'38 (3.51).020(.51' 
1---.800 
(15.2')Bsc--lj 
120(3.05) 
(NOTE5) 


-015(.JIj 
.885 (17.&5) 
~. 
.800(15.24) 


NOTES: 
1. Controlling 
dimenSIons 
Inches 
Metric are 
shown 
In parentheses. 


2 
Dimensions 
are tolerancing 
per ANSI 


YI4.SM·1982. 


3 
"TO'."0". and "E·' are reference datums on the 
molded body and do not Include mold-flash 
or protrusions 
whIch shall not exceed _010 


Inch (.25 mm) on any side 
4 
These dimensIons 
measured wIth the leads 
constrained 
to be perpendicular 
to plane "r 


5 
Pin numbers stan wIth #1 and continue 
counterclockwise 
to pin #28 when vIewed 


from the top. 


.320 (8.13) 
.300 (7.62) 
(NOTE 5) 


I 


.045 (1.14) 
. 


020 (51) t<j (~~~·~I~I 


015 (38) 
395 (1003)J 
010 (25) 
300 ( 
762) 


